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(57)Abstract: 

PROBLEM TO BE SOLVED: To correctly measure 
concentrations of NOx and oxygen by a single NOx 
sensor. 

SOLUTION: The apparatus comprises a first 
measurement chamber 20 communicating with a gas to 

be measured via a diffusion-controlled layer 4d and a r *»*>+d 
second measurement chamber 26 communicating with 
the first measurement chamber 20 via diffusion control 
layers 6d, 22d. A first pump cell 4 and a Vs cell 6 are 
formed in the first measurement chamber 20. A second 
pump cell 8 is formed in the second measurement 
chamber 26. An oxygen concentration and an NOx 
concentration are measured with the use of an NOx 
sensor 2 having the first and second measurement 
chambers. A first pump current IP1 is controlled so that 
an output of the Vs cell 6 becomes a reference voltage 
VC0, thereby controlling the interior of the first 
measurement chamber 20 at a constant low oxygen 
concentration. Moreover, a constant voltage is 

impressed to the second pump cell 8 thereby to decompose NOx components in the second 
measurement chamber 26 and extract oxygen. The NOx concentration and oxygen 
concentration are measured from a second pump current IP2 and the first pump current IP1 
respectively. At the measurement time, a sensor temperature is detected from an internal 
resistance of the Vs cell, thereby to control the amount of a current supplied to the heaters 12, 
14. The sensor temperature is thus maintained constant. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st test chamber which has the 1st oxygen pumping eel and oxygen density 
measurement eel of oxygen ion conductivity which come to insert a solid electrolyte layer with a 
porous electrode, and was opened for free passage through the 1 st diffusion limitation layer at the 
measured gas side, While having the 2nd oxygen pumping eel which comes to insert the solid 
electrolyte layer of oxygen ion conductivity with a porous electrode and having said 1 st test chamber 
and the 2nd test chamber opened for free passage through the 2nd diffusion limitation layer The NOx 
sensor equipped with the heater which heats said each eel to predetermined activity temperature is 
used. Are the measuring method which measures the oxygen density and nitrogen-oxides 
concentration in measured gas, and a current is passed in said 1st oxygen pumping eel so that the 
output voltage of said oxygen density measurement eel may serve as constant value. By impressing a 
fixed electrical potential difference in the direction which pumps oxygen out of said 2nd test 
chamber in said 2nd oxygen pumping eel, while controlling uniformly the oxygen density of said 1st 
measurement interior of a room The oxygen density and the nitrogen-oxides density measurement 
approach characterized by measuring the nitrogen-oxides concentration in measured gas from the 
current value which flows in said 2nd oxygen pumping eel, and measuring the oxygen density in 
measured gas from the current value which flows in said 1st oxygen pumping cel. 
[Claim 2] The oxygen density and the nitrogen-oxides density measurement approach characterized 
by controlling the energization to said heater in a measuring method according to claim 1 so that the 
temperature of the oxygen density measurement eel in said NOx sensor may turn into predetermined 
target temperature. 

[Claim 3] The oxygen density and the nitrogen-oxides density measurement approach characterized 
by carrying out temperature compensation of each measurement result in a measuring method 
according to claim 2 according to the gap from said target temperature of the temperature of said 
oxygen density measurement eel by amending the measurement result of said oxygen density and 
said nitrogen-oxides concentration. 

[Claim 4] The 1st test chamber which has the 1st oxygen pumping eel and oxygen density 
measurement eel of oxygen ion conductivity which come to insert a solid electrolyte layer with a 
porous electrode, and was opened for free passage through the 1 st diffusion limitation layer at the 
measured gas side, While having the 2nd oxygen pumping eel which comes to insert the solid 
electrolyte layer of oxygen ion conductivity with a porous electrode and having said 1 st test chamber 
and the 2nd test chamber opened for free passage through the 2nd diffusion limitation layer The NOx 
sensor equipped with the heater which heats said each eel to predetermined activity temperature is 
used. Are the measuring device which measures the oxygen density and nitrogen-oxides 
concentration in measured gas, and a current is passed in said 1st oxygen pumping eel so that the 
output voltage of said oxygen density measurement eel may serve as constant value. The pump 
current control means which controls uniformly the oxygen density of said 1st measurement interior 
of a room, A constant- voltage impression means to impress a fixed electrical potential difference in 
the direction which pumps oxygen out of said 2nd test chamber in said 2nd oxygen pumping eel, A 
nitrogen-oxides density measurement means to measure the nitrogen-oxides concentration in 
measured gas based on the current value which flows in said 2nd oxygen pumping eel, The oxygen 
density and nitrogen-oxides density measurement equipment characterized by having an oxygen 
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density measurement means to measure the oxygen density in measured gas from the current value 
which flows in said 1st oxygen pumping cel. 

[Claim 5] The oxygen density and nitrogen-oxides measuring device according to claim 4 
characterized by establishing the heater energization control means which controls the energization 
to said heater so that the temperature of said oxygen density measurement eel detected with a 
temperature detection means to detect the temperature of said oxygen density measurement eel, and 
this temperature detection means may turn into predetermined target temperature. 
[Claim 6] The oxygen density and nitrogen-oxides density measurement equipment according to 
claim 5 characterized by establishing the amendment means which carries out temperature 
compensation of each measurement result by amending the measurement result of said oxygen 
density and said nitrogen-oxides concentration according to the gap from said target temperature of 
the temperature of said oxygen density measurement eel detected with said temperature detection 
means. 

[Claim 7] They are the oxygen density and nitrogen-oxides density measurement equipment 
according to claim 5 or 6 characterized by controlling the energization to said heater so that said 
temperature detection means may detect the temperature of this eel by detecting the internal 
resistance of said oxygen density measurement eel and said heater energization control means may 
serve as a predetermined value corresponding to said target temperature in the internal resistance of 
the this detected oxygen density measurement cel. 

[Claim 8] In said NOx sensor, with said 1st test chamber of said oxygen density measurement eel, 
while being blockaded, the porous electrode of the opposite side A part of oxygen in this lock out 
space is formed outside possible [ exsorption ] through the exsorption resistance section. Said pump 
current control means A minute current is passed in the direction which pumps out the oxygen in 
said 1st test chamber in said oxygen density measurement eel in said lock out space. The amount of 
currents which flows in said 1st oxygen pumping eel so that the electromotive force produced in this 
j oxygen density measurement eel may serve as constant value, operating this lock out space as an 
internal oxygen reference standard is controlled. Said temperature detection means intercepts 
periodically connection between said pump current control means and said oxygen density 
measurement cel. At the time of this cutoff, the bigger current for internal resistance detection than 
said minute current to hard flow with said minute current to said oxygen density measurement eel A 
sink, The oxygen density and nitrogen-oxides density measurement equipment according to claim 7 
characterized by detecting the internal resistance of said oxygen density measurement eel from the 
electrical potential difference then produced in inter-electrode [ of said oxygen density measurement 
eel ]. 

[Claim 9] For this the current for internal resistance detection after passing said current for internal 
resistance detection in said oxygen density measurement eel and detecting internal resistance, said 
temperature detection means is the oxygen density and nitrogen-oxides density measurement 
equipment according to claim 8 characterized by passing a current to hard flow. 
[Claim 10] In said NOx sensor said 1st oxygen pumping eel, an oxygen density measurement eel, 
and the 2nd oxygen pumping eel It is formed in the solid electrolyte layer of the shape of sheet metal 
mutually different, respectively. Said 1st test chamber and 2nd test chamber It is constituted by 
carrying out the solid electrolyte layer which formed said 1st and 2nd oxygen pumping eel for this 
each solid electrolyte layer outside, and carrying out a laminating through a predetermined gap. Said 
heater By becoming a substrate from two heater substrates of the shape of sheet metal of having 
formed heater wiring, and arranging each heater substrate through a predetermined gap, respectively 
on direction both sides of a laminating of each solid electrolyte layer in said NOx sensor It is 
constituted possible [ heating of said NOx sensor ]. Moreover, said 1st diffusion layer claim 4 
characterized by coming to form in an opposite location with the center section of heater wiring 
formed in said heater substrate of the solid electrolyte layer in which said 1 st oxygen pumping eel 
was formed - claim 9 — either — the oxygen density and nitrogen-oxides density measurement 
equipment of a publication. 

[Claim 1 1] The oxygen density and nitrogen-oxides density measurement equipment according to 
claim 10 characterized by forming said 2nd diffusion limitation layer so that it may lap with said a 
part of 1st diffusion limitation layer [ at least ] when said NOx sensor is projected from [ of each of 
said solid electrolyte layer ] a laminating, and coming to arrange said oxygen density measurement 
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eel near [ the 2nd diffusion limitation layer ] this. 
[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the oxygen density, the nitrogen-oxides density 
measurement approach, and equipment which measure an oxygen density and nitrogen-oxides 
concentration using the NOx sensor constituted in order to detect the concentration of the nitrogen 
oxides which are the harmful nature discharged from various burning appliances, such as an internal 
combustion engine. 
[0002] 

[Description of the Prior Art] From the former, they are European Patent application public 
presentation specification 0678740A1 and SAE as nitrogen-oxides density measurement equipment, 
paper No. 960334 P137-142 As indicated by the 1996th grade The 1st test chamber opened for free 
passage through the 1 st diffusion limitation layer at the measured gas side, and the 2nd test chamber 
opened for free passage by this 1st test chamber through the 2nd diffusion limitation layer It forms in 
the solid electrolyte layer of oxygen ion conductivity. To the 1st test chamber The 1st oxygen 
pumping eel and an oxygen density measurement eel are formed by pinching a solid electrolyte layer 
with a porous electrode. Further to the 2nd test chamber What detected the concentration of the 
nitrogen oxides (NOx) under an internal combustion engine's etc. exhaust air is known using the 
NOx sensor in which the 2nd oxygen pumping eel was formed, by similarly pinching a solid 
electrolyte layer with a porous electrode. 

[0003] In this kind of nitrogen-oxides density measurement equipment, controlling the oxygen 
density of the 1 st measurement interior of a room to fixed concentration by passing a current in the 
1st oxygen pumping eel so that the output voltage from an oxygen density measurement eel serves as 
constant value set up beforehand, a fixed electrical potential difference is impressed to the 2nd 
oxygen pumping eel, and oxygen is pumped out of the 2nd test chamber. And the NOx concentration 
in measured gas is detected from the current value which flows in this 2nd oxygen pumping cel. 
[0004] That is, although other gas constituents, such as oxygen, a carbon monoxide, and a carbon 
dioxide, exist during the exhaust air from the internal combustion engine which is measured gas in 
addition to NOx By the 2nd test-chamber side into which the measured gas which oxygen controlled 
the 1st measurement interior of a room by the 1st oxygen pumping eel to very little hypoxia 
concentration, and was further controlled by the hypoxia concentration flows with the above- 
mentioned nitrogen-oxides density measurement equipment By impressing a fixed electrical 
potential difference in the direction which pumps out the oxygen of the 2nd measurement interior of 
a room in the 2nd oxygen pumping eel By the catalyst function of the porous electrode which 
constitutes the 2nd oxygen pumping eel By making NOx in measured gas decompose into nitrogen 
and oxygen, sampling oxygen from the 2nd test chamber, and detecting the pump current which 
flows in the 2nd oxygen pumping eel then It enables it to detect the NOx concentration in measured 
gas, without being influenced by other gas constituents in measured gas. 

[0005] Moreover, in this kind of nitrogen-oxides measuring device, since it is necessary to heat a 
sensor to predetermined activity temperature (for example, 800 degrees C or more), and to activate 
each eel in order to detect NOx concentration correctly by the above-mentioned detection approach, 
the heater for heating a sensor is formed separately. 
[0006] 
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[Problem(s) to be Solved by the Invention] By the way, in the internal combustion engine (the so- 
called lean burn engine) with which it is operated with a thin air- fuel ratio (Lean air-fuel ratio) with 
many amounts of the air over a fuel, and the NOx component under exhaust air increases, the above- 
mentioned nitrogen-oxides density measurement equipment is used for supervising the condition of 
the NOx catalyst which returns NOx, in order to control discharge of NOx. 

[0007] In that is, the place whose leak of the NOx detected the leak of NOx from an NOx catalyst 
and has increased by equipping the downstream of the NOx catalyst an internal combustion engine's 
flueway with an NOx sensor, and measuring NOx concentration the fuel supplied to an internal 
combustion engine - it is used for control of controlling the discharge of NOx, by controlling the 
air- fuel ratio of gaseous mixture to a rich air- fuel ratio with many fuels temporarily, making a 
unburnt gas discharge from an internal combustion engine, and making this unburnt gas and NOx 
accumulated in the NOx catalyst react. 

[0008] and the fuel supplied to the internal combustion engine with the above-mentioned nitrogen- 
oxides density measurement equipment in order to have realized such NOx control — since the air- 
fuel ratio of gaseous mixture cannot be measured, it is necessary to prepare an internal combustion 
engine separately the air-fuel ratio measuring device which measures an air- fuel ratio from the 
oxygen density under exhaust air 

[0009] That is, when performing the above NOx control, it is necessary to perform collectively Air 
Fuel Ratio Control currently generally performed in the internal combustion engine, and, for that, an 
NOx sensor and an oxygen density sensor (the so-called air- fuel ratio sensor) must be formed in an 
internal combustion engine's exhaust air system, respectively. 

[0010] Then, without using two sensors of an NOx sensor and an air- fuel ratio sensor in this way, it 
is only an NOx sensor, this invention offers the oxygen density, the nitrogen-oxides density 
measurement approach, and equipment which can measure NOx concentration and an oxygen 
density, and in realizing the above NOx control, it aims at simplifying the configuration of the 
detection system of NOx concentration and an oxygen density (air-fuel ratio). 
[0011] 

[Means for Solving the Problem] Invention according to claim 1 made in order to attain this purpose 
The 1st test chamber which has the 1st oxygen pumping eel and oxygen density measurement eel of 
oxygen ion conductivity which come to insert a solid electrolyte layer with a porous electrode, and 
was opened for free passage through the 1st diffusion limitation layer at the measured gas side, 
While having the 2nd oxygen pumping eel which comes to insert the solid electrolyte layer of 
oxygen ion conductivity with a porous electrode and having said 1st test chamber and the 2nd test 
chamber opened for free passage through the 2nd diffusion limitation layer The NOx sensor 
equipped with the heater which heats said each eel to predetermined activity temperature is used. Are 
the measuring method which measures the oxygen density and nitrogen-oxides concentration in 
measured gas, and a current is passed in said 1st oxygen pumping eel so that the output voltage of 
said oxygen density measurement eel may serve as constant value. By impressing a fixed electrical 
potential difference in the direction which pumps oxygen out of said 2nd test chamber in said 2nd 
oxygen pumping eel, while controlling uniformly the oxygen density of said 1st measurement 
interior of a room It is characterized by measuring the nitrogen-oxides concentration in measured gas 
from the current value which flows in said 2nd oxygen pumping eel, and measuring the oxygen 
density in measured gas from the current value which flows in said 1st oxygen pumping cel. 
[0012] And in a measuring method according to claim 1, invention according to claim 2 is 
characterized by controlling the energization to said heater so that the temperature of the oxygen 
density measurement eel in said NOx sensor may turn into predetermined target temperature. 
Moreover, invention according to claim 3 is characterized by carrying out temperature compensation 
of each measurement result in a measuring method according to claim 2 according to the gap from 
said target temperature of the temperature of said oxygen density measurement eel by amending the 
measurement result of said oxygen density and said nitrogen-oxides concentration. 
[0013] On the other hand, invention according to claim 4 uses an NOx sensor according to claim 1 
and the same NOx sensor. Are the measuring device which measures the oxygen density and 
nitrogen-oxides concentration in measured gas, and a current is passed in said 1st oxygen pumping 
eel so that the output voltage of said oxygen density measurement eel may serve as constant value. 
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The pump current control means which controls uniformly the oxygen density of said 1st 
measurement interior of a room, A constant-voltage impression means to impress a fixed electrical 
potential difference in the direction which pumps oxygen out of said 2nd test chamber in said 2nd 
oxygen pumping eel, It is characterized by having a nitrogen-oxides density measurement means to 
measure the nitrogen-oxides concentration in measured gas based on the current value which flows 
in said 2nd oxygen pumping eel, and an oxygen density measurement means to measure the oxygen 
density in measured gas from the current value which flows in said 1st oxygen pumping cel. 
[0014] And in this measuring device according to claim 4, invention according to claim 5 is 
characterized by establishing the heater energization control means which controls the energization 
to said heater so that the temperature of said oxygen density measurement eel detected with a 
temperature detection means to detect the temperature of said oxygen density measurement eel, and 
this temperature detection means may turn into predetermined target temperature. 
[0015] Moreover, invention according to claim 6 is characterized by establishing the amendment 
means which carries out temperature compensation of each measurement result by amending the 
measurement result of said oxygen density and said nitrogen-oxides concentration according to the 
gap from said target temperature of the temperature of said oxygen density measurement eel detected 
with said temperature detection means in a measuring device according to claim 5. 
[0016] Next, invention according to claim 7 is set again to an oxygen density and nitrogen-oxides 
density measurement equipment according to claim 5 or 6. Said temperature detection means By 
detecting the internal resistance of said oxygen density measurement eel, it is characterized by 
controlling the energization to said heater so that the temperature of this eel may be detected and said 
heater energization control means may serve as a predetermined value corresponding to said target 
temperature in the internal resistance of the this detected oxygen density measurement cel. 
[0017] Moreover, in an oxygen density and nitrogen-oxides density measurement equipment 
according to claim 7, in said NOx sensor, with said 1st test chamber of said oxygen density 
measurement eel, while being blockaded, invention according to claim 8 the porous electrode of the 
opposite side A part of oxygen in this lock out space is formed outside possible [ exsorption ] 
through the exsorption resistance section. Said pump current control means A minute current is 
passed in the direction which pumps out the oxygen in said 1st test chamber in said oxygen density 
measurement eel in said lock out space. The amount of currents which flows in said 1 st oxygen 
pumping eel so that the electromotive force produced in this oxygen density measurement eel may 
serve as constant value, operating this lock out space as an internal oxygen reference standard is 
controlled. Said temperature detection means intercepts periodically connection between said pump 
current control means and said oxygen density measurement cel. At the time of this cutoff, it is 
characterized by detecting the internal resistance of said oxygen density measurement eel from the 
electrical potential difference which produces the bigger current for internal resistance detection than 
said minute current a sink and then with said minute current in said oxygen density measurement eel 
inter-electrode [ of said oxygen density measurement eel ] at hard flow. 

[0018] Moreover, invention according to claim 9 is characterized by passing a current to hard flow 
with this current for internal resistance detection, after said temperature detection means passes said 
current for internal resistance detection in said oxygen density measurement eel and detects internal 
resistance in an oxygen density and nitrogen-oxides density measurement equipment according to 
claim 8. 

[0019] It sets 9 either to the oxygen density and nitrogen-oxides density measurement equipment of 
a publication, on the other hand — invention according to claim 10 — claim 4 - a claim ~ In said NOx 
sensor said 1st oxygen pumping eel, an oxygen density measurement eel, and the 2nd oxygen 
pumping eel It is formed in the solid electrolyte layer of the shape of sheet metal mutually different, 
respectively. Said 1st test chamber and 2nd test chamber It is constituted by carrying out the solid 
electrolyte layer which formed said 1 st and 2nd oxygen pumping eel for this each solid electrolyte 
layer outside, and carrying out a laminating through a predetermined gap. Said heater By becoming a 
substrate from two heater substrates of the shape of sheet metal of having formed heater wiring, and 
arranging each heater substrate through a predetermined gap, respectively on direction both sides of 
a laminating of each solid electrolyte layer in said NOx sensor It is constituted possible [ heating of 
said NOx sensor ], and is characterized by moreover coming to form said 1st diffusion layer in an 
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opposite location with the center section of heater wiring formed in said heater substrate of the solid 
electrolyte layer in which said 1st oxygen pumping eel was formed. 

[0020] Moreover, in an oxygen density and nitrogen-oxides density measurement equipment 
according to claim 10, when said NOx sensor is projected from [ of each of said solid electrolyte 
layer ] a laminating, invention according to claim 1 1 forms said 2nd diffusion limitation layer so that 
it may lap with said a part of 1st diffusion limitation layer [ at least ], and it is characterized by 
coming to arrange said oxygen density measurement eel near [ the 2nd diffusion limitation layer ] 
this. 
[0021] 

[Embodiment of the Invention] While a current is passed in the 1st oxygen pumping eel so that the 
output voltage of the oxygen density measurement eel in an NOx sensor may serve as constant value, 
and controlling uniformly the oxygen density of the 1 st measurement interior of a room by the 
measuring method according to claim 1 , a fixed electrical potential difference is impressed in the 
direction which pumps oxygen out of the 2nd test chamber in the 2nd oxygen pumping cel. That is, 
by this invention approach, an NOx sensor is driven by the same driving direction as the case where 
NOx concentration is measured using an NOx sensor. And it not only measures the nitrogen-oxides 
concentration in measured gas (NOx concentration) from the current value which flows in the 2nd 
oxygen pumping eel at this time, but it measures the oxygen density in measured gas from the 
current value which flows in the 1st oxygen pumping cel. 

[0022] The pump current control which this controls the current which flows in the 1st pumping eel, 
and controls the oxygen density of the 1 st test chamber uniformly Are the same as the actuation 
when measuring the oxygen density in measured gas using all the field air- fuel ratio sensors that 
prepared the pumping eel and the oxygen density measurement eel in the test chamber to which 
diffusion of measured gas was restricted. It is because the pump current which flows in the 1 st 
pumping eel is proportional to the oxygen density in measured gas and an oxygen density can be 
measured from the current value. 

[0023] And in order to realize NOx control of an internal combustion engine mentioned above in 
order to measure the oxygen density and NOx concentration in measured gas only using an NOx 
sensor in this way according to this invention, it is not necessary to form two sensors of an NOx 
sensor and an air- fuel ratio sensor in an internal combustion engine's exhaust air system, the 
configuration of the control unit can be simplified, and a cost cut can be aimed at. 
[0024] Moreover, in order to measure an oxygen density and NOx concentration using one NOx 
sensor according to this invention, each [ these ] measurement result will have very high 
functionality compared with the case where an oxygen density and NOx concentration are measured 
using a different sensor (that is, an oxygen sensor and an NOx sensor). Therefore, if the oxygen 
density and NOx concentration which were measured by this invention approach are used, 
degradation of the NOx catalyst prepared in an internal combustion engine's exhaust pipe can be 
judged with high precision. 

[0025] That is, what is necessary is to detect how many NOx have leaked out regularly, for that to 
compare the leak and the control air- fuel ratio at the time of NOx, and just to judge whether the leak 
of NOx to a control air- fuel ratio is in predetermined tolerance, in order to get to know degradation 
of an NOx catalyst. 

[0026] When the air- fuel ratio of gaseous mixture is small, there are few leaks of NOx. that is, the 
fuel supplied in the internal combustion engine — When an air-fuel ratio is large, since the leak of 
NOx increases, it sets up beforehand the allowed value of an NOx leak to an air- fuel ratio. 
Conversely, at the time of operation of an internal combustion engine Measure the oxygen density 
and NOx concentration under exhaust air to coincidence, and read the allowed value of the NOx leak 
corresponding to the measured oxygen density (if it puts in another way air- fuel ratio), and it judges 
whether the measured NOx concentration is below the allowed value. If degradation of an NOx 
catalyst is judged when NOx concentration is over the allowed value, degradation of an NOx catalyst 
can be judged from the oxygen density under exhaust air, and NOx concentration. 
[0027] And if you are trying to use a sensor which is different in measurement of an oxygen density, 
and measurement of NOx concentration when performing the degradation judging of such an NOx 
catalyst, it is possible that an error arises in the detection property of NOx concentration over an air- 
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fuel ratio, and the judgment precision of degradation of an NOx catalyst falls according to the 
difference of dispersion in the property for every sensor, or extent of degradation etc. 
[0028] However, even if dispersion in a property is in the NOx sensor itself [ each ], there is no 
difference of dispersion in the air- fuel ratio by one NOx sensor and the detection precision of NOx. 
And according to this invention, since the oxygen density and NOx concentration in measured gas 
are measured using one NOx sensor, an error cannot arise in the detection property of NOx 
concentration over an air- fuel ratio, and degradation of an NOx catalyst can be judged with high 
precision from the measurement result. 

[0029] Next, the energization to the heater formed in the NOx sensor is controlled by the measuring 
method according to claim 2 so that the temperature of the oxygen density measurement eel in an 
NOx sensor turns into predetermined target temperature. This is because it is necessary to hold the 
temperature of the oxygen density measurement eel which measures the oxygen density to constant 
temperature, in order to be unable to measure oxygen density or NOx concentration correctly, either 
but to control the oxygen density of the 1st test chamber uniformly, if the oxygen density of the 1st 
test chamber is uniformly uncontrollable by the energization control (pump current control) to the 1st 
oxygen pumping cel. 

[0030] That is, when the solid electrolyte layer of an oxygen density measurement eel is pinched 
with the porous electrode of a pair, inter-electrode [ the ] — the oxygen tension PI and P2 by the side 
of each electrode — responding — Nernst's equation (1) EMF=axTxlog (P1/P2) — (1) — however a: A 
proportionality constant and T measure the oxygen density of the 1st measurement interior of a 
room, when it uses that the electromotive force EMF acquired with absolute temperature arises and 
the 1st test chamber of an oxygen density measurement room makes the porous electrode side of the 
opposite side a criteria oxygen density (oxygen tension PI). It follows, for example, if the 
electromotive force EMF of an oxygen density measurement eel was 200mV and temperature T 
becomes 800 degrees K when the temperature T of an oxygen density measurement eel is [ the 
oxygen density of the 1st measurement interior of a room ] 1000 ppm at 1000 degrees K, 
electromotive force EMF will be set to 160mV. For this reason, (if it puts in another way, in order to 
measure an oxygen density and NOx concentration correctly), it is necessary to hold the temperature 
of an oxygen density measurement eel at constant temperature to control the oxygen density of the 
1st test chamber uniformly. 

[0031] Although the temperature characteristic stabilized comparatively can be acquired from 
controlling in all the above-mentioned field air-fiiel ratio sensors currently especially used for 
measurement of an oxygen density conventionally in the condition (oxygen density zero state) that 
oxygen hardly exists the measurement interior of a room by pump current control By the NOx 
sensor, if the 1st measurement interior of a room is controlled by pump current control to an oxygen 
density zero state Since there is a possibility that the NOx component in the measured gas which 
flowed into the 1st measurement interior of a room may be decomposed, and NOx concentration 
cannot be measured using the 2nd oxygen pumping eel Usually, the oxygen density of the 1st 
measurement interior of a room is controlled in the condition (for example, hypoxia concentration 
which is about 1000 ppm) that oxygen remained for a while, consequently the temperature 
characteristic falls remarkably compared with all field air-fuel ratio sensors. 

[0032] For example, although drawing 10 expresses the relation between the output voltage Vs of the 
oxygen density measurement eel at the time of measuring the oxygen density of measured gas 
(oxygen density immobilization) by pump current control which used all the conventional field air- 
fuel ratio sensors, and the pump current Ip which flows in an oxygen pumping eel So that from this 
drawing, and the output voltage Vs of an oxygen density measurement eel may be set to 450mV and 
the oxygen density of the measurement interior of a room may serve as abbreviation zero (it is 10- 
9atm theoretically extent) When the pump current Ip is controlled, even if it changes the temperature 
of an oxygen density measurement eel with Ta, Tb, and Tc, although only **IPA changes but the 
current rate of change per once is about 2%, the pump current Ip When the pump current Ip is 
controlled to set the output voltage Vs of an oxygen density measurement eel to 150mV, and to 
become the hypoxia concentration whose oxygen density of the measurement interior of a room is 
about 1000 ppm If the temperature of an oxygen density measurement eel is changed with Ta, Tb, 
and Tc, the pump current Ip will change a lot with **IPB, and the current rate of change per once 
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will become dozens of%. 

[0033] Therefore, to control the oxygen density of the 1st measurement interior of a room by pump 
current control of the 1st oxygen pumping eel in hypoxia concentration of about 1000 ppm in 
measuring an oxygen density and NOx concentration correctly like this invention using an NOx 
sensor, it is necessary to control the temperature of an oxygen density measurement eel more to 
constant temperature at accuracy. 

[0034] On the other hand, since according to the measuring method according to claim 2 the 
energization to a heater is controlled so that the temperature of the oxygen density measurement eel 
in an NOx sensor turns into predetermined target temperature, an oxygen density measurement eel 
can be held to fixed target temperature. Therefore, according to the measuring method according to 
claim 2, it becomes possible to carry out more the NOx control of an internal combustion engine and 
the degradation judging of an NOx catalyst which could improve and it not only can measure an 
oxygen density and NOx concentration, but mentioned the accuracy of measurement above to high 
degree of accuracy using an NOx sensor. 

[0035] Next by the measuring method according to claim 3, the measurement result of an oxygen 
density and nitrogen-oxides concentration is further amended again according to the gap from the 
target temperature of the temperature of an oxygen density measurement cel. For this reason, in spite 
of controlling the temperature of an oxygen density measurement eel by energization control to a 
heater, even if that temperature has changed from target temperature according to this invention 
approach, temperature compensation of the measurement result of an oxygen density and NOx 
concentration can be carried out, and an oxygen density and NOx concentration can be measured 
more to high degree of accuracy. 

[0036] When it is got blocked, for example, an internal combustion engine's operational status 
changes and the temperature of the exhaust air which is measured gas changes suddenly, according 
to the temperature change of measured gas, the temperature of an NOx sensor changes temporarily 
and may be unable to control temperature of an oxygen density measurement eel by heater control. 
However, according to the measuring method according to claim 3, also in such a case, an oxygen 
density and NOx concentration can be measured correctly. 

[0037] Next, a measuring device according to claim 4 is equipment which realizes the measuring 
method of a publication to above-mentioned claim 1 . And while a pump current control means 
passes a current in the 1st oxygen pumping eel so that the output voltage of an oxygen density 
measurement eel may serve as constant value, and it controls uniformly the oxygen density of the 1st 
measurement interior of a room by this equipment first, a constant- voltage impression means 
impresses a fixed electrical potential difference in the direction which pumps oxygen out of the 2nd 
test chamber in the 2nd oxygen pumping cel. And a nitrogen-oxides density measurement means 
measures the nitrogen-oxides concentration in measured gas based on the current value which flows 
in the 2nd oxygen pumping eel, and an oxygen density measurement means measures the oxygen 
density in measured gas from the current value which flows in the 1st oxygen pumping cel. 
[0038] Therefore, while according to the measuring device according to claim 4 being able to realize 
the measuring method of a publication to above-mentioned claim 1, being able to simplify the 
configuration of the control unit which performs NOx control of the internal combustion engine 
which can measure now the oxygen density and the NOx concentration in measured gas, and 
mentioned them above using one NOx sensor and being able to aim at the cost cut of the equipment, 
the degradation judging of the NOx catalyst mentioned above can be performed correctly. 
[0039] Next, further, a temperature detection means detects the temperature of an oxygen density 
measurement eel, and controls the energization to the heater at which the heater energization control 
means was prepared in the NOx sensor so that the temperature of the detected oxygen density 
measurement eel might turn into predetermined target temperature by the measuring device 
according to claim 5 again. That is, a measuring device according to claim 5 is equipment which 
realizes a measuring method according to claim 2, and it becomes possible it not only can to measure 
an oxygen density and NOx concentration, but to improve the accuracy of measurement and to 
perform more NOx control of an internal combustion engine and the degradation judging of an NOx 
catalyst to accuracy using an NOx sensor. 

[0040] Moreover, in a measuring device according to claim 6, an amendment means amends the 
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measurement result of an oxygen density and said nitrogen-oxides concentration further according to 
the gap from the target temperature of the temperature of the oxygen density measurement eel 
detected with the temperature detection means. That is, a measuring device according to claim 6 is 
equipment which realizes a measuring method according to claim 3, and in spite of controlling the 
temperature of an oxygen density measurement eel by the heater energization control means to target 
temperature, even when the temperature has changed from target temperature in response to the 
effect of temperature changes, such as measured gas, it can carry out temperature compensation of 
the measurement result of an oxygen density and NOx concentration. For this reason, it becomes 
possible to measure an oxygen density and NOx concentration to high degree of accuracy more. 
[0041] Here, it is also difficult for the structure of an NOx sensor to become complicated in this case, 
and to detect the temperature of the oxygen density measurement eel itself correctly as a temperature 
detection means to detect the temperature of an oxygen density measurement eel, for example, 
although it is also realizable by preparing the component for temperature detection near the oxygen 
density measurement cel. 

[0042] Therefore, it is desirable to control the energization to a heater so that it may become a 
predetermined value according to claim 7 corresponding to [ in / like, constitute a temperature 
detection means so that the internal resistance of an oxygen density measurement eel may be 
detected, and / the heater energization control means ] target temperature in the internal resistance of 
the detected oxygen density measurement cel. 

[0043] that is, since the internal resistance of an oxygen density measurement eel changes according 
to the temperature of an oxygen density measurement eel (internal resistance becomes low, so that 
temperature becomes high), like a publication to claim 7 If the internal resistance of an oxygen 
density measurement eel is detected, from the detected internal resistance Without preparing the 
component for temperature detection in an NOx sensor separately, the temperature of an oxygen 
density measurement eel can be correctly detected now, and temperature control of an NOx sensor 
(in detail oxygen density measurement eel) can be performed more simply and with high precision. 
[0044] Moreover, what is necessary is to impress the constant voltage for internal resistance 
detection to an oxygen density measurement eel, to constitute so that the amount of currents which 
flows in an oxygen density measurement eel then may be detected, or just to constitute the constant 
current for internal resistance detection in an oxygen density measurement eel as a temperature 
detection means, in this way, for example so that the both-ends electrical potential difference of an 
oxygen density measurement eel may be detected a sink and then when a temperature detection 
means detects the internal resistance of an oxygen density measurement cel. 

[0045] However, in case the internal resistance of an oxygen density measurement eel is detected in 
this way, it is necessary to intercept connection between a pump current control means and an 
oxygen density measurement eel, and to stop energization control of the 1st oxygen pumping eel by 
the pump current control means temporarily. When it energizes in an oxygen density measurement 
eel for internal resistance detection, that is, the both-ends electrical potential difference If it becomes 
the value which does not correspond with the oxygen density of the 1 st measurement interior of a 
room and the control action of a pump current control means is made to continue then Since the 
oxygen density of the 1st measurement interior of a room will be incorrect-controlled, it is desirable 
to stop the control action by the pump current control means so that such incorrect control may not 
arise at the time of internal resistance detection of an oxygen density measurement cel. 
[0046] Next, an oxygen density measurement eel is the above-mentioned (1) again. It is necessary to 
measure the oxygen density of the 1 st measurement interior of a room with the electromotive force 
EMF acquired by the formula, and to make into a fixed criteria oxygen, density the oxygen density by 
the side of the electrode which does not touch the 1st test chamber among the porous electrodes of 
the pair which constitutes this cel. And although you may make it for that an oxygen density 
introduce fixed reference gas (for example, atmospheric air) into that electrode side, for example, in 
order to introduce reference gas from the exterior in this way, the opening for reference gas 
installation in an NOx sensor will have to be prepared, and the structure of an NOx sensor will 
become complicated. 

[0047] Then, in order to make the porous electrode of the opposite side into a criteria oxygen density 
with the 1st test chamber of an oxygen density measurement eel While blockading the porous 
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electrode of the opposite side with the 1st test chamber of an oxygen density measurement eel in an 
NOx sensor like a publication in claim 8 A part of oxygen in the lock out space forms outside 
possible [ exsorption ] through the exsorption resistance section. By the pump current control means 
side A minute current, operating a sink and its lock out space as an internal oxygen reference 
standard in the direction which pumps out the oxygen in the 1 st test chamber to lock out space to an 
oxygen density measurement eel What is necessary is just to control the amount of currents which 
flows in the 1 st oxygen pumping eel so that the electromotive force produced in an oxygen density 
measurement eel may serve as constant value. That is, if constituted in this way, it is not necessary to 
prepare the opening for reference gas installation in an NOx sensor, and structure of an NOx sensor 
can be simplified. 

[0048] And in order to measure the internal resistance of an oxygen density measurement eel with a 
temperature detection means in this case Connection between a pump current control means and an 
oxygen density measurement eel is periodically intercepted for a temperature detection means like a 
publication to claim 8. It is desirable to detect the internal resistance of an oxygen density 
measurement eel from the electrical potential difference which produces the bigger current for 
internal resistance detection than the minute current for internal oxygen reference standard 
generation a sink and then with a minute current in an oxygen density measurement eel inter- 
electrode [ of an oxygen density measurement eel ] at hard flow at the time of the cutoff. 
[0049] That is, in order that the oxygen density measurement eel of this invention may carry out self- 
generation of the internal oxygen reference standard by energization of a minute current, into the 
lock out space used as the internal oxygen reference standard, oxygen is accumulated enough, when 
the current for internal resistance detection is passed in a minute current and this direction, the 
oxygen in lock out space increases too much, and there is a possibility that a crack may go into an 
NOx sensor by the oxygen with which it was filled. 

[0050] Then, in order to detect the internal resistance of an oxygen density measurement eel, he is 
trying to detect the internal resistance of an oxygen density measurement eel with the sometimes 
passed [ usually ] minute current to an oxygen density measurement eel in a measuring device 
according to claim 8 from the inter-electrode electrical potential difference which produced the 
current for internal resistance detection a sink and then to hard flow. 

[0051] In addition, when a current is passed in an oxygen density measurement eel, although the 
electrical potential difference (inter-electrode electrical potential difference) which an oxygen 
density measurement eel generates changes not only with the internal resistance of an oxygen density 
measurement eel but with the electromotive force generated according to the ratio of the oxygen 
density by the side of each electrode The oxygen density by the side of each electrode of an oxygen 
density measurement eel (that is, the oxygen density of the 1st measurement interior of a room and 
the oxygen density in lock out space) Since it is abbreviation regularity by energization of a minute 
current, and energization control of the 1st oxygen pumping eel by the pump current control means, 
respectively, The electromotive force immediately after energization initiation of the current for 
internal resistance detection is fixed a degree, and according to this invention, the internal resistance 
of an oxygen density measurement eel can be detected, without being influenced of this 
electromotive force. 

[0052] Moreover, in this way, in order to detect the internal resistance of an oxygen density 
measurement eel, when the current for internal resistance detection is passed in an oxygen density 
measurement eel, an oxygen density measurement eel works as a pumpiing eel, and oxygen moves it 
to hard flow with the direction of a current according to the amount of energization currents. 
Consequently, the oxygen density in lock out space falls according to the current for internal 
resistance detection, and its resistance welding time. In order for the oxygen density in lock out 
space to be able to detect correctly the oxygen density of the 1 st measurement interior of a room in 
return and an oxygen density measurement eel to a criteria oxygen density by energization of a 
minute current after internal resistance detection Even if it requires a certain amount of time amount 
and makes the control action of a pump current control means resume from immediately after 
internal resistance detection, the oxygen density and NOx concentration in measured gas cannot be 
measured correctly. 

[0053] and what is necessary is just to constitute with the current for internal resistance detection, 
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after internal resistance detection, so that a current may be passed to hard flow after [ according to 
claim 9 ] passing the current for internal resistance detection for a temperature detection means in an 
oxygen density measurement eel and detecting internal resistance like in order to boil short time 
amount until it can measure an oxygen density and NOx concentration correctly and to carry out it 
[0054] That is, at the time of internal resistance detection of an oxygen density measurement eel, if 
the current for internal resistance detection is passed in an oxygen density measurement eel at 
alternation, time amount until the oxygen density by the side of each electrode of an oxygen density 
measurement eel and the condition of a temporary electromotive force fall of an oxygen density 
measurement eel will return to the stable state before internal resistance detection promptly and can 
measure an oxygen density and NOx concentration correctly after internal resistance detection can 
be shortened. 

[0055] The temperature of the oxygen density measurement eel which detects the oxygen density of 
the 1st measurement interior of a room which affects most the accuracy of measurement of an 
oxygen density and NOx concentration next again among three sorts of eels which constitute the 
NOx sensor from this invention is detected. Although the energization current to a heater is 
controlled so that the temperature turns into target temperature, it is also considered that the 
temperature of the 1st oxygen pumping eel or the 2nd oxygen pumping eel shifts from target 
temperature greatly depending on the structure of an NOx sensor, and the accuracy of measurement 
of an oxygen density and NOx concentration cannot be secured. 

[0056] Then, in order to make it obtained more by fitness, the effectiveness by the heater 
energization control means It sets in an NOx sensor like the publication to claim 10. The 1st oxygen 
pumping eel, an oxygen density measurement eel, and the 2nd oxygen pumping eel It is formed in 
the solid electrolyte layer of the shape of sheet metal mutually different, respectively. The 1st test 
chamber and the 2nd test chamber It is constituted by carrying out the solid electrolyte layer which 
formed the 1st and 2nd oxygen pumping eel for each solid electrolyte layer outside, and carrying out 
a laminating through a predetermined gap. A heater By becoming a substrate from two heater 
substrates of the shape of sheet metal of having formed heater wiring, and arranging each heater 
substrate through a predetermined gap, respectively on direction both sides of a laminating of each 
solid electrolyte layer in an NOx sensor It is desirable for it to be constituted possible [ heating of an 
NOx sensor ] and to form the 1st diffusion layer in an opposite location with the center section of 
heater wiring formed in the heater substrate of the solid electrolyte layer in which the 1st oxygen 
pumping eel was formed moreover. 

[0057] If an NOx sensor and a heater are formed as mentioned above, that is, the solid electrolyte 
layer in which the oxygen density measurement eel was formed Since it will be inserted into the 
solid electrolyte layer in which the 1st oxygen pumping eel and the 2nd oxygen pumping eel were 
formed and a heater substrate will be arranged further at the direction both sides of a laminating If 
the temperature of an oxygen density measurement eel is controlled by energization control of a 
heater to target temperature The 1st oxygen pumping eel and the 2nd oxygen pumping eel can be 
more certainly controlled to target temperature, and the measured gas which moreover flows into the 
1st test chamber from the 1st diffusion layer can also be enough heated now at a heater. 
[0058] Consequently, according to the measuring device according to claim 10, while lessening 
dispersion in the temperature of each eel in an NOx sensor, each eel makes effect of the temperature 
of measured gas hard to be influenced, and it becomes possible to improve more the accuracy of 
measurement of an oxygen density and NOx concentration. 

[0059] Moreover, in this case, like, it forms so that the 2nd diffusion limitation layer may be lapped 
with a part of 1st diffusion limitation layer [ at least ] in it, when [ according to claim 1 1 ] an NOx 
sensor is projected from [ of each solid electrolyte layer ] a laminating. If an oxygen density 
measurement eel is arranged near [ this ] the 2nd diffusion limitation layer, the temperature of an 
NOx sensor and the measured gas of that interior can be certainly controlled by target temperature, 
and the accuracy of measurement of an oxygen density and NOx concentration can be improved. 
[0060] 

[Example] One example of this invention is explained with a drawing below. The outline block 
diagram with which drawing 1 expresses the configuration of the whole oxygen density and 
nitrogen-oxides density measurement equipment of an example with which this invention was 
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applied, and drawing 2 are the decomposition perspective views of the NOx sensor 2 used in this 
measuring device. The 1st oxygen pumping eel from which the measuring device of this example 
constitutes the NOx sensor 2 and the NOx sensor 2 as shown in drawing 1 (It is hereafter called the 
1st pump eel) While performing the energization to 4 and the oxygen density measurement eel 
(henceforth Vs eel) 6, and a switch of an energization path The drive circuit 40 which detects the 
current (henceforth the 1st pump current) IP 1 which flows in the 1st pump eel 4, The detector 42 
which detects the current (henceforth the 2nd pump current) IP 2 which impresses a constant voltage 
to the 2nd oxygen pumping eel (henceforth the 2nd pump eel) 8 which constitutes the NOx sensor 2, 
and flows then, While controlling the heater energization circuit 44 which it energizes [ circuit ] to 
the heaters 12 and 14 of the pair prepared in the NOx sensor 2, and makes each eels 4, 6, and 8 heat, 
and the drive circuit 40 and the heater energization circuit 44 Detecting signals [ VIP / VIP and / 2 ] 
1 from the drive circuit 40 and a detector 42 It consists of electronic control circuits (henceforth 
ECU) 50 which are based and calculate the oxygen density and NOx concentration in measured gas 
and which consist of a microcomputer. 

[0061] As shown in drawing 2 , it sets in the NOx sensor 2. The 1st pump eel 4 Form the rectangle- 
like porous electrodes 4b and 4c and lead section 4bl of those, and 4cl, and further, a round hole is 
drilled in the both sides of solid electrolyte layer 4a formed in tabular at solid electrolyte layer 4a, 
respectively so that a part for the core of porous electrodes 4b and 4c may be penetrated. By putting 
a porous filler in the round hole, 4d of diffusion limitation layers is formed. 

[0062] The Vs eel 6 moreover, on both sides of solid electrolyte layer 4a of the 1st pump eel 4, and 
isomorphism-like solid electrolyte layer 6a 6d of diffusion limitation layers is formed by forming the 
porous electrodes 6b and 6c of a circle configuration and lead section 6bl of those, and 6cl, drilling a 
round hole in solid electrolyte layer 6a further, respectively so that a part for the core of porous 
electrodes 6b and 6c may be penetrated, and putting a porous filler in the round hole. 
[0063] And when the center position on solid electrolyte layer 4a and 6a carries out abbreviation 
coincidence of the porous electrodes 6b and 6c of this Vs eel 6, and the porous electrodes 4b and 4c 
of the 1st pump eel 4 and the laminating of the Vs eel 6 and the 1st pump eel 4 is carried out, he is 
trying for 4d to counter mutually 6d of each diffusion limitation layer. Moreover, the porous 
electrodes 6b and 6c of the circle configuration formed in the Vs eel 6 are smaller than the porous 
electrodes 4b and 4c of the shape of a rectangle formed in the 1st pump eel 4. Moreover, in the front 
rear face of the Vs eel 6, in order to prevent the current leak from lead section 6bl and 6cl lead 
section 6bl and 6cl — the wrap from an outside ~ the insulator layer which consists of an alumina 
etc. like forms — having - **** — moreover — each — in lead section 6bl and 6cl 6f of exsorption 
resistance sections which make a part of oxygen poured into the porous electrode 6c side by the 
below-mentioned energization control leak to the porous electrode 6b side is formed. 
[0064] Thus, the laminating of the 1st pump eel 4 and the Vs eel 6 which were formed is carried out 
through each above-mentioned solid electrolyte layers 4a and 6a and the isomorphism-like solid 
electrolyte layer 18. And the hole of the shape of a bigger rectangle than porous electrode 4c is 
drilled in the opposite location with each porous electrodes 4c and 6b of this solid electrolyte layer 
18, and this hole functions as the 1st test chamber 20. 

[0065] Moreover, the laminating of each above-mentioned solid electrolyte layers 4a and 6a and the 
isomorphism-like solid electrolyte layer 22 is carried out also to the porous electrode 6c side of the 
Vs eel 6. And 22d of diffusion limitation layers is formed in this solid electrolyte layer 22 by drilling 
the round hole of this dimension in 6d of diffusion limitation layers and homotopic of the Vs eel 6, 
and putting a porous filler in that round hole. 

[0066] On the other hand, the 2nd pump eel 8 forms the rectangle-like porous electrodes 8b and 8c 
and lead section 8bl of those, and 8cl in the both sides of solid electrolyte layer 8a formed in tabular 
like the 1st pump eel 4, respectively. And the laminating of this 2nd pump eel 8 is carried out to the 
solid electrolyte layer 22 through the solid electrolyte layer 18 and the solid electro lyte layer 24 
completely formed similarly. Consequently, the hole of the shape of a rectangle drilled by the solid 
electrolyte layer 24 will function as the 2nd test chamber 26. 

[0067] And the NOx sensor 2 except heaters 12 and 14 is produced by sintering at predetermined 
temperature, after carrying out the laminating of each part of the above and unifying. Moreover, 
predetermined spacing is opened with spacers 28 and 29, and the laminating of the heaters 12 and 14 
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is carried out to the both sides of the layered product of the 1st pump eel 4 by which a laminating is 
carried out in this way, the Vs eel 6, and the 2nd pump eel 8, i.e., the outside of the 1st pump eel 4 
and the 2nd pump eel 8, respectively. 

[0068] These heaters 12 and 14 with each above-mentioned solid electrolyte layers 4a and 6a and — 
The isomorphism-like heater substrates 12a and 14a, It consists of the heater wiring 12b and 14b 
formed in the opposed face side with each above-mentioned eels 4 and 8 of each heater substrates 
12a and 14a and lead section 12bl of those, and 14bl. Spacers 28 and 29 With the porous electrodes 
4b and 8c of the 1st pump eel 4 and the 2nd pump eel 8, these heater wiring 12b and 14b is arranged 
at the lead section 12bl [ of the heater wiring 12b and 14b ], and 14bl side, respectively so that it may 
counter mutually through a gap. 

[0069] The heater substrates 12a and 14a are made of the alumina, and . screen-stencil, calcinate and 
form in the sheet of an alumina what heater wiring mixed the alumina to platinum powder, and was 
made into the shape of a paste. In addition, an alumina sheet serves as the heater substrates 12a and 
14a and spacers 28 and 29 by baking. And it is joined using ceramic system adhesives from both 
sides of the already calcinated 1st pump eel 4 and the 2nd pump eel 8, and heaters 12 and 14 serve as 
the perfect NOx sensor 2. 

[0070] Here, as each above-mentioned solid electrolyte layers 4a and 6a and a solid electrolyte 
ingredient which constitutes — , although a zirconia, the solid solution and the zirconia of yttria, and 
the solid solution of calcia are typical, the solid solution of hafhia, the perovskite mold oxide solid 
solution, the trivalent metal oxide solid solution, etc. can be used for others. Moreover, it is desirable 
to use the platinum which has a catalyst function, and a rhodium or its alloy for the porous electrode 
prepared in the front face of each solid electrolyte layers 4a, 6a, and 8a. And as the formation 
approach, what mixed a solid electrolyte layer and the powder of the same ingredient to platinum 
powder, for example is made into the shape of a paste, it screen-stencils on a solid electrolyte layer, 
and the thick-film formation approach subsequently sintered and the coat formation approach by 
vacuum evaporationo are learned. Moreover, as for the diffusion limitation layers 4d, 6d, and 22d, it 
is desirable to use the ceramics which has a thin through tube, and porous ceramics. 
[0071] On the other hand, heater wiring 12b and 14b of heaters 12 and 14 is used as the composite 
material of the ceramics, platinum, or a platinum alloy, and in order to fall resistance and to reduce 
the electric loss in the lead section, considering as platinum or a platinum alloy is desirable [ the lead 
section 12bl and 14bl ]. Moreover, an alumina, a spinel, forsterite, a steatite, a zirconia, etc. can be 
used for the heater substrates 12a and 14a and spacers 28 and 29. 

[0072] Next, as shown in drawing 1 , the porous electrodes 4c and 6b by the side of the 1st test 
chamber 20 of the 1st pump eel 4 of the NOx sensor 2 and the Vs eel 6 are grounded through the 
resistor Rl, and the porous electrodes 4b and 6c of another side are connected to the drive circuit 40. 
The resistor R2 by which, as for the drive circuit 40, the constant voltage VCP was impressed to the 
end, and the other end was connected to porous electrode 6c of the Vs eel 6 through the open/close 
switch SW1 , - the differential amplifier AMP by which porous electrode 6c of the Vs eel 6 was 
connected to the side input terminal through the open/close switch SW1, reference voltage VCO was 
impressed to + side input terminal, and the output terminal was connected to porous electrode 4b of 
the 1st pump eel 4 through the resistor R0 — since — it has becoming control-section 40a. 
[0073] This control-section 40a operates as follows, when an open/close switch SW1 is in an ON 
state. First, the oxygen in the 1st test chamber 20 is poured into the porous electrode 6c side of the 
Vs eel 6 by passing the fixed minute current iCP in the Vs eel 6 through a resistor R2. Since this 
porous electrode 6c is open for free passage the porous electrode 6b side through 6f of exsorption 
resistance sections while being blockaded by the solid electrolyte layer 22, the lock out space in 
porous electrode 6c serves as a fixed oxygen density by energization of the minute current iCP, and 
it functions as an internal oxygen reference standard. 

[0074] Moreover, if the porous electrode 6c side of the Vs eel 6 functions as an internal oxygen 
reference standard in this way, in the Vs eel 6, the electromotive force according to the ratio of the 
oxygen density in the 1st test chamber 20 and the oxygen density by the side of an internal oxygen 
reference standard will occur, and the porous electrode 6c side electrical potential difference Vs will 
turn into an electrical potential difference according to the oxygen density in the 1st test chamber 20 
at it. And since this electrical potential difference is inputted into the differential amplifier AMP, 
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from the differential amplifier AMP, the electrical potential difference according to the deflection 
(VCO-input voltage) of reference voltage VCO and its input voltage is outputted, and this output 
voltage is impressed to porous electrode 4b of the 1st pump eel 4 through a resistor RO. 
[0075] Consequently, the 1st pump current IP 1 flows in the 1st pump eel 4, and it is controlled so 
that the electromotive force generated in the Vs eel 6 according to this 1st pump current IP 1 serves 
as a fixed electrical potential difference (it becomes fixed concentration like [ if it puts in another 
way / the oxygen density in the 1st test chamber 20 ]). That is, when it functions as a pump current 
control means and measured gas has flowed in the 1st test chamber 20 through 4d of diffusion 
limitation layers, this control-section 40a controls the oxygen density in the 1st test chamber 20 so 
that the oxygen density in the 1 st test chamber 20 turns into fixed concentration. 
[0076] In addition, the oxygen density in the 1st test chamber 20 controlled in this way is set up so 
that energization of the 1st pump current IP 1 may not decompose the NOx component in the 
measured gas in the 1 st test chamber 20 and oxygen may serve as hypoxia concentration (for 
example, about 1000 ppm) which exists for a while, and the value of lOOmV - about 200mV is set to 
the reference voltage VCO which determines this oxygen density. Moreover, the resistor R0 
prepared between the output of the differential amplifier AMP and porous electrode 4b is for 
detecting the 1st pump current IP 1, and it is the both-ends electrical potential difference VIP 1. It is 
inputted into ECU50 as a detecting signal of the 1st pump current IP 1. 

[0077] In the drive circuit 40, at the above-mentioned control-section 40a Next, in addition, current 
regulator circuit 40b which is connected to porous electrode 6c of the Vs eel 6 through an open/close 
switch SW2, and passes constant current to hard flow in the above-mentioned minute current iCP 
among porous electrode 6b-6c, It connects with porous electrode 6c of the Vs eel 6 through an 
open/close switch SW3, and has current regulator circuit 40c which passes constant current in the 
above-mentioned minute current iCP and this direction among porous electrode 6b-6c. 
[0078] Each [ these ] current regulator circuits 40b and 40c are for detecting the internal resistance 
RVS of the Vs eel 6. And in order to enable it for energization of this constant current to detect the 
internal resistance RVS of the Vs eel 6 by the ECU50 side, the porous electrode 6c side electrical 
potential difference Vs is inputted into ECU50. In addition, the constant current which each current 
regulator circuits 40b and 40c pass is set as the same current value only by the directions of a current 
differing. And this current value is larger than the minute current iCP supplied to the Vs eel 6 
through a resistor R2. 

[0079] Moreover, the open/close switches SW1-SW3 formed, respectively between control-section 
40a, current regulator circuits 40b and 40c, and porous electrode 6c of the Vs eel 6 are turned on and 
off by the control signal from ECU50, and perform measurement actuation of an oxygen density and 
NOx concentration. Usually, only when only an open/close switch SW1 will be in an ON state, 
control-section 40a operates and it sometimes detects the internal resistance RVS of the Vs eel 6, an 
open/close switch SW1 will be in an OFF state, and open/close switches SW2 and SW3 are 
controlled by the ON state in order. 

[0080] On the other hand, between porous electrode 8b of the 2nd pump eel 8 of the NOx sensor 2, 
and 8c, a constant voltage VP 2 is impressed through the resistor R3 as a constant- voltage 
impression means to constitute the above-mentioned detector 42. In the 2nd pump eel 8, a current 
flows from porous electrode 8c to the 8b side, and as for the impression direction of this constant 
voltage VP 2, the porous electrode 8c side is set up so that the positive-electrode and porous 
electrode 8b side may serve as a negative electrode, so that the oxygen in the 2nd test chamber 26 
may be pumped out outside. Moreover, this constant voltage VP 2 decomposes the NOx component 
in the measured gas of the 2nd measurement interior of a room which flows through the diffusion 
limitation layers 6d and 22d from the 1st test chamber 20, and is set to the electrical potential 
difference which can pump out that oxygen component, for example, 450mV. 
[0081] In addition, it is an electrical potential difference VIP 2 about the 2nd pump current IP 2 to 
which a resistor R3 flows in the 2nd pump eel 8 by impression of this constant voltage VP 2. It is for 
changing and inputting into ECU50 as a detecting signal of the 2nd pump current IP 2. Thus, it sets 
to the oxygen density and nitrogen-oxides density measurement equipment of constituted this 
example. If the open/close switch SW1 in the drive circuit 40 is turned on and open/close switches 
SW2 and SW3 are turned off The oxygen density in the 1st test chamber 20 into which measured gas 
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flows through 4d (the 1st diffusion limitation layer) of diffusion limitation layers is controlled by 
actuation of control-section 40a by the fixed oxygen density. Since the measured gas in the 1st test 
chamber 20 controlled by the fixed oxygen density flows into the 2nd test chamber 26 through the 
diffusion limitation layers (the 2nd diffusion limitation layer) 6d and 22d, The 1st pump current IP 1 
which flows in the 1st pump eel 4 changes according to the oxygen density in measured gas. The 2nd 
pump current IP 2 which flows in the 2nd pump eel 8 comes to change according to the NOx 
concentration in measured gas. Detecting signals VIP1 and VIP2 which express each [ these ] 
currents IP1 and IP2 with the ECU50 side The oxygen density and NOx concentration in measured 
gas can be measured by reading and performing predetermined data processing. 
[0082] By the way, it is necessary to control uniformly the temperature of each above-mentioned 
eels 4, 6, and 8, and the temperature of the Vs eel 6 which detects the oxygen density in the 1st test 
chamber 20 especially, and for that, in order to secure the accuracy of measurement of each [ these ] 
concentration, it is necessary to control the amount of energization currents from the heater 
energization circuit 44 to each heaters 12 and 14 so that the temperature of the Vs eel 6 turns into 
target temperature. So, in ECU50, by switching the on-off condition of the above-mentioned 
open/close switches SW1-SW3, the temperature of the Vs eel 6 is detected from that internal 
resistance RVS, and the amount of energization from the heater energization circuit 44 to heaters 12 
and 14 is controlled by this example so that this detected internal resistance RVS serves as constant 
value (that is, the temperature of the Vs eel 6 target temperature). 

[0083] Hereafter, the control processing performed in ECU50 for such temperature control and 
density measurement is explained along with the flow chart shown in drawing 3 and drawing 4 . In 
addition, in order that drawing 3 may measure an oxygen density and NOx concentration, the oxygen 
density and NOx density measurement processing repeatedly performed in ECU50 are expressed, 
and drawin g 4 expresses the internal resistance detection processing performed in ECU50 as 
interrupt processing of every fixed time amount TO (for example, lsec), in order to detect the 
internal resistance RVS of the Vs eel 6 and to control the energization to heaters 12 and 14. 
[0084] As shown in drawing 3 , in an oxygen density and NOx density measurement processing, 
activation judging processing in which it waits to activate the NOx sensor 2 is first performed after 
starting of the measuring device concerned SI 00 (S expresses a step) by judging whether the NOx 
sensor 2 was activated by energization to heaters 12 and 14. 

[0085] This activation judging processing is performed by judging whether the internal resistance 
RVS of the Vs eel 6 detected by the below-mentioned internal resistance detection processing 
became below the activation decision value set up beforehand. That is, as shown in drawing 5 , since 
the internal resistance RVS of the Vs eel 6 decreases as a chip temperature rises and the Vs eel 6 is 
activated, after energization starting to heaters 12 and 14, it judges whether the chip temperature 
reached predetermined activation temperature by SI 00 by judging whether the internal resistance 
RVS of the Vs eel 6 became below an activation decision value. 

[0086] Moreover, although the open/close switch SW1 in the drive circuit 40 is controlled by the ON 
state and open/close switches SW2 and SW3 are controlled by initialization processing which is not 
illustrated by the OFF state immediately after starting of the measuring device concerned, actuation 
of the differential amplifier AMP in the drive circuit 40 stops until the NOx sensor 2 goes up even 
near the activation temperature by activation judging processing of the above SI 00. This is because 
the internal resistance RVS of the Vs eel 6 is large, so an overcurrent will flow in the 1st pump eel 4 
if the porous electrode 6c side electrical potential difference Vs inputted into the differential 
amplifier AMP becomes high too much and the differential amplifier AMP is operated in the 
condition that the NOx sensor 2 is not being activated. 

[0087] Next, detecting signal VIP 2 which will shift to SI 10 and will be inputted from the resistor 
R3 of a detector 42 if it is judged that the NOx sensor 2 was activated in SI 00 By reading, 
processing as a nitrogen-oxides density measurement means to detect the 2nd pump current IP 2 is 
performed. Moreover, detecting signal VIP 1 inputted from the resistor R0 of the drive circuit 40 in 
SI 20 continuing By reading, processing as an oxygen density measurement means to detect the 1st 
pump current IP 1 is performed. 

[0088] And in SI 30 continuing, the amount of criteria amendments to the 2nd pump current IP 2 is 
computed based on the detected 1 st pump current IP 1 . That is, in this example, since the oxygen 
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density in the 1st test chamber 20 is controlled by pump current control by the above-mentioned 
drive circuit 40 to hypoxia concentration not to decompose the NOx component in the measured gas 
in the 1st test chamber 20, not only NOx in measured gas but oxygen flows into the 2nd test chamber 
26. Therefore, although the 2nd pump current IP 2 changes corresponding to the NOx concentration 
in measured gas, the effect of the oxygen density in measured gas also receives it. Although an 
example of the measurement result of the 1st pump current IP 1 at the time of drawing 6 making 
measured gas the gas for a trial which does not contain NOx, and operating the equipment 
concerned, and the 2nd pump current IP 2 is expressed The 1 st pump current IP 1 changes with a 
fixed inclination corresponding to the oxygen density in measured gas, and the 2nd pump current IP 
2 changes in response to the effect of the oxygen density in measured gas so that clearly also from 
this drawing. 

[0089] Then, in this example, in order to make the 2nd pump current IP 2 correspond only to the 
NOx concentration in measured gas The value of the 2nd pump current IP 2 corresponding to the 
oxygen density obtained when the measured gas which does not contain NOx as mentioned above is 
measured Memorize beforehand to storages, such as ROM, as an offset value for 2nd pump current 
IP2 amendment, and the oxygen density in measured gas is detected from the 1st pump current IP 1 . 
He reads the offset value corresponding to this oxygen density out of the offset value data 
memorized beforehand, and is trying to set it up as the above-mentioned amount of criteria 
amendments. 

[0090] In addition, in case this amount of criteria amendments is actually computed, the map which 
memorized the offset value (that is, the amount of criteria amendments) corresponding to the 1st 
pump current IP 1 is used, and the amount of direct criteria amendments is calculated from the 1st 
pump current IP 1 by searching this map by making the 1st pump current IP 1 into a parameter. 
[0091] In this way, if the amount of criteria amendments is computed, it will shift to SI 40 shortly 
and the internal resistance RVS of the Vs eel 6 obtained by the below-mentioned internal resistance 
detection processing will be read. And in SI 50 continuing, the amount of temperature compensation 
to the 2nd pump current IP 2 is computed based on this read internal resistance RVS. 
[0092] That is, although the energization to heaters 12 and 14 is controlled by this example so that 
the internal resistance RVS of the Vs eel 6 is detected and the internal resistance RVS serves as a 
predetermined value in the below-mentioned internal resistance detection processing (the 
temperature of the NOx sensor 2 will turn into predetermined target temperature if it puts in another 
way like) When the temperature of measured gas changes suddenly, temperature control cannot be 
made to follow the temperature change of measured gas, but the temperature of the NOx sensor 2 
may change with the temperature changes of measured gas. 

[0093] For example, that the NOx concentration under an internal combustion engine's exhaust air 
should be measured using the measuring device of this example, drawing 7 attaches the NOx sensor 
2 in an internal combustion engine's exhaust pipe, and expresses an example of the measurement 
result of having measured the temperature change of the NOx sensor 2 at the time of operating the 
equipment concerned. So that clearly from this drawing in the measuring device of this example If 
an exhaust-gas temperature falls temporarily or an exhaust-gas temperature rises temporarily with 
reduction of an inhalation air content with increase of an inhalation air content at the time of 
moderation of an internal combustion engine at the time of acceleration of an internal combustion 
engine in spite of performing the below-mentioned temperature control In response to the effect of 
the temperature change, both the 1st pump current IP 1 and the 2nd pump current IP 2 change, and 
the NOx sensor 2 will require the time amount also for about 1 minute, by the time especially the 
2nd pump current IP 2 returns to a stable state. In addition, this is for returning the oxygen density to 
target concentration after that to take time amount, once the oxygen density in the 1 st test chamber 
20 shifts from target concentration, when the 1st pump current IP 2 is influenced of an exhaust- gas 
temperature. 

[0094] Then, even if the temperature of measured gas changes suddenly, in order to enable it to 
measure NOx concentration correctly from the 2nd pump current IP 2, he searches for the 
temperature of the Vs eel 6 from the internal resistance RVS of the Vs eel 6, for example, is trying to 
ask drawing 8 for the amount of temperature compensation to the 2nd pump current IP 2 in this 
example using the map for the amount calculation of**** temperature compensation. 
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[0095] In addition, although the map shown in drawing 8 is set up so that the amount of temperature 
compensation may be calculated from the chip temperature of the Vs eel 6, it can calculate the 
amount of direct temperature compensation from internal resistance RVS, without converting 
internal resistance RVS into temperature, if the map for the amount calculation of temperature 
compensation which makes a parameter internal resistance RVS of the Vs eel 6 is set up beforehand. 
Moreover, for example, the map which makes a parameter deflection of a chip temperature and 
target temperature (target temperature is 850 degrees C in drawing 8 ) is set up beforehand. You may 
make it calculate the amount of temperature compensation from the gap (deflection) from the target 
temperature of a chip temperature. The map which makes a parameter deflection of internal 
resistance RVS and the target resistance corresponding to target temperature is set up beforehand, 
and you may make it calculate the amount of temperature compensation from the gap (deflection) 
from the target resistance of internal resistance RVS. 

[0096] Next, if the amount of temperature compensation is computed in SI 50, it will shift to SI 60 
and the 2nd pump current IP 2 will be amended by adding the amount of criteria amendments, and 
the amount of temperature compensation to the 2nd pump current IP 2 detected by SI 10. And in 
SI 70 continuing, the 2nd pump current IP 2 after this amendment is outputted to external devices 
(engine control system etc.) as a measurement result of NOx concentration. 
[0097] Next by SI 80, the amount of temperature compensation to the 1st pump current IP 1 is 
computed again based on the internal resistance RVS read by SI 40. And using this computed 
amount of temperature compensation, the 1st pump current IP 1 detected by SI 20 is amended, and in 
S200 continuing, the 1 st pump current IP 1 after this amendment is outputted to an external device as 
a measurement result of an oxygen density, and it shifts to SI 10 again SI 90 continuing. 
[0098] In addition, processing of SI 80 and SI 90 is processing for making the 1st pump current IP 1 
correspond to the oxygen density in measured gas, without being influenced by the temperature 
change of the NOx sensor 2, and computes the amount of temperature compensation to the 1st pump 
current IP 1 like the above SI 50 in SI 80 using the map set up beforehand. 

[0099] And in this example, processing of SI 50, SI 60, SI 80, and SI 90 which are performed in order 
to amend the 2nd pump current IP 2 corresponding to NOx concentration and the 1st pump current 
IP 1 corresponding to an oxygen density according to the temperature of the Vs eel 6, respectively is 
equivalent to the amendment means of this invention. 

[0100] By this example, it sets here to above-mentioned oxygen density and NOx density 
measurement processing. The amount of criteria amendments for amending the 2nd pump current IP 
2 according to the oxygen density in measured gas based on the 1st pump current IP 1, Although 
explained as what calculates the amount of temperature compensation for amending the 2nd pump 
current IP 2 according to the temperature of the Vs eel 6 separately, and amends the 2nd pump 
current IP 2 For example, by setting up the map for the amount calculation of criteria amendments, 
and switching the map used for calculation of the amount of criteria amendments according to the 
temperature of the Vs eel 6 for every temperature of the Vs eel 6 You may make it calculate the 
amount of amendments for amending the 2nd pump current IP 2 according to the oxygen density in 
measured gas, and the temperature of the Vs eel 6. The two-dimensional map for the amount 
calculation of amendments which makes a parameter the 1 st pump current IP 1 and temperature (or 
internal resistance RVS) of the Vs eel 6 is set up beforehand, and you may make it calculate the 
amount of amendments to the 2nd pump current IP 2 using this map. 

[0101] Next, the internal resistance detection processing shown in drawing 4 is explained. In 
addition, not only the function as a temperature detection means to only detect the internal resistance 
RVS of the Vs eel 6 but the function as a heater energization control means which controls the 
amount of energization currents to heaters 12 and 14 through the heater energization circuit 44 from 
that detection result has this internal resistance detection processing. 

[0102] If this processing is started as shown in drawing 4 , in S210, the porous electrode 6c side 
electrical potential difference Vs of the Vs eel 6 will be read, and this will be set up as a basic 
detection electrical potential difference VS 1 of the Vs eel 6. And in S220 continuing, constant 
current is passed in the minute current iCP to the Vs eel 6 to hard flow (that is, direction which pours 
oxygen into the 1st test-chamber 20 side from the lock out space side which had become an internal 
oxygen reference standard until now) by turning off the open/close switch SW1 made into the ON 
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state for density measurement, and turning on the open/close switch SW2 connected to current 
regulator circuit 40b. 

[0103] Moreover, in S230 continuing, after starting of the detection processing concerned, if waiting 
and predetermined time Tl pass that predetermined time Tl passes by judging whether 
predetermined time Tl (for example, 60microsec.) passed, the porous electrode 6c side electrical 
potential difference Vs of the Vs eel 6 will be read, and this will be set up S240 as a resistance 
detection electrical potential difference VS 2 of the Vs eel 6. 

[0104] In this way, by shifting to S250 and judging whether predetermined time T2 (for example, 
lOOmicrosec.) passed after starting of the detection processing concerned, if the resistance detection 
electrical potential difference VS 2 is set up When waiting and predetermined time T2 pass, that 
predetermined time T2 passes in S260 By turning off the open/close switch S W2 used as the ON 
state between fixed time amount T2 after starting of the detection processing concerned, and turning 
on the open/close switch SW3 connected to current regulator circuit 40c Constant current is passed 
in the Vs eel 6 in the minute current iCP and this direction (that is, direction which pours the oxygen 
in the 1st test chamber 20 into a lock out space side). 

[0105] Thus, if waiting and predetermined time T3 pass that predetermined time T3 passes by 
shifting to S270 and judging whether predetermined time T3 (for example, 200microsec.) passed 
after starting of the detection processing concerned this time if an open/close switch SW3 is turned 
on, an open/close switch SW3 is turned off in S280. Consequently, the open/close switches SW1- 
SW3 in the drive circuit 40 will be in an OFF state altogether. 

[0106] And in S290 continuing, deflection **Vs (=VS1-VS2) of the basic detection electrical 
potential difference VS 1 set up immediately after starting of the detection processing concerned and 
the resistance detection electrical potential difference VS 2 set up after predetermined time Tl 
progress is calculated, and it shifts to S3 10 which computes the internal resistance RVS of this Vs 
eel 6 from deflection **Vs, and continues in S3 00. In addition, the calculation technique of the 
internal resistance RVS in this example is explained in detail later. 

[0107] The deflection of the internal resistance RVS of the Vs eel 6 and desired value which carried 
out [ above-mentioned ] calculation in S3 1 0, Or it is based on the deflection of the temperature of the 
Vs eel 6 and target temperature which are acquired from internal resistance RVS. The control signal 
(heater control signal) the increase of the amount of energization currents to heaters 12 and 14 and 
for carrying out a decrease is outputted to the heater energization circuit 44, and processing as a 
heater energization control means which controls the amount of currents supplied to heaters 12 and 
14 from the heater energization circuit 44 is performed. 

[0108] in addition, in this heater energization control, when energization and un-energizing to 
heaters 12 and 14 are constituted from a switching circuit which can be switched to a high speed, the 
heater energization circuit 44 That what is necessary is just to control the duty ratio of the driving 
pulse which switches its energization and un-energizing Moreover, what is necessary is just to make 
it fluctuate an electrical potential difference based on the heater control signal from ECU50, when 
the output voltage to heaters 12 and 14 is constituted for the heater energization circuit 44 from a 
controllable armature-voltage control circuit. 

[0109] When a heater control signal is outputted in this way, and shortly By shifting to S320 and 
judging whether predetermined time T four (for example, SOOmicrosec.) passed after starting of the 
detection processing concerned When waiting and predetermined time T four pass that 
predetermined time T four passes, measurement actuation of an oxygen density and NOx 
concentration is made to resume by turning on the open/close switch SW1 used as the OFF state 
between fixed time amount T four after starting of the detection processing concerned, and ending 
the detection processing concerned in S330. 

[0110] In internal resistance detection processing in which it explained above, while turning off the 
open/close switch SW1 in the drive circuit 40 and stopping energization of the minute current iCP to 
the Vs eel 6, and pump current control if processing is started (time tl) as shown in drawing 9 , an 
open/close switch SW2 is turned on and constant current is passed to hard flow in the minute current 
iCP to the Vs eel 6. And if fixed time amount Tl passes after that (time t2), the porous electrode 6c 
side electrical potential difference Vs at that time will be set up as a resistance detection electrical 
potential difference VS 2, and the internal resistance RVS of the Vs eel 6 from deflection **Vs of 
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this resistance detection electrical potential difference VS 2 and the porous electrode 6c side 
electrical potential difference Vs (that is, the basic detection electrical potential difference VS 1) at 
the time of the detection processing starting concerned will be detected. Hereafter, this reason is 
explained. 

[0111] First, when the constant current for internal resistance detection is passed in the Vs eel 6, the 
porous electrode 6c side electrical potential difference Vs of the Vs eel 6 changes not only with the 
internal resistance RVS of the Vs eel 6 but with the electromotive force generated according to the 
ratio of the oxygen density by the side of each electrode 6b and 6c. Then, in order that the porous 
electrode 6c side electrical potential difference Vs for internal resistance detection may make effect 
of this electromotive force hard to be influenced, he passes a bigger current than the minute current 
iCP, and is trying for the voltage drop by the internal resistance RVS of the Vs eel 6 to become large 
in this example. 

[01 12] Moreover, since the oxygen density by the side of each electrode 6b of the Vs eel 6 and 6c 
becomes abbreviation regularity by pump current control and energization of the minute current iCP, 
respectively, the electromotive force of the Vs eel 6 also becomes abbreviation regularity, therefore - 
- even if it passes constant current in the Vs eel 6 and detects the porous electrode 6c side electrical 
potential difference Vs (namely, VS2) at that time — the internal resistance RVS of this electrical- 
potential-difference value to the Vs eel 6 — abbreviation — it can ask correctly. 
[0113] However, more strictly, since the oxygen density in the 1st test chamber 20 is controlled by 
feedback control of a pump current, it is changed according to the response delay of a control system 
etc., and is not fixed to fixed concentration. Moreover, the oxygen density in the 1st test chamber 20 
changes also with the temperature of the NOx sensor 2. Therefore, when it asks for internal 
resistance RVS from the electrical potential difference Vs detected by passing the constant current 
for internal resistance RVS detection in the Vs eel 6, although it is [ some ], an error will arise in 
internal resistance RVS. 

[0114] Then, in this example, in order to enable it to detect more the internal resistance RVS of the 
Vs eel 6, as a result a chip temperature to accuracy The variation (deflection **Vs) of the porous 
electrode 6c side electrical potential difference Vs after passing the constant current for internal 
resistance RVS detection in the Vs eel 6 until it carries out predetermined time (for example, 
60microsec.) progress is detected. Even if it is the case where the oxygen density in the 1st test 
chamber 20 has shifted from target concentration by asking for deflection **Vs to this internal 
resistance RVS, it enables it to ask for the internal resistance RVS of the Vs eel 6, as a result a chip 
temperature correctly. 

[01 15] In addition, what is necessary is to set up beforehand the map which memorized internal 
resistance RVS corresponding to deflection **Vs, and just to compute internal resistance RVS using 
this map, if it hits computing this internal resistance RVS. Next, again in internal resistance detection 
processing of this example The time of predetermined time (for example, 40microsec.) passing 
further after that, and the elapsed time after the detection processing starting concerned amounting to 
T2, if fixed time amount Tl passed after starting and the resistance detection electrical potential 
difference VS 2 was set up (time t2) by t3 By turning off the open/close switch SW2 of the drive 
circuit 40, and turning on an open/close switch SW3 Constant current is passed in the minute current 
iCP and this direction in the Vs eel 6, and further, if fixed time amount (for example, lOOmicrosec.) 
passes and the elapsed time after the detection processing starting concerned reaches T3 (time t4), an 
open/close switch SW3 is turned off. 

[0116] Consequently, by could return promptly the oxygen pumped out of the lock out space by the 
side of porous electrode 6c of the Vs eel 6 for detection of internal resistance RVS in this example, 
and having passed the current to hard flow in iCP Since the internal polarization condition of the Vs 
eel 6 of having changed can be restored, the lock out space by the side of porous electrode 6c can be 
promptly operated as a source of internal reference oxygen, and the Vs eel 6 can be promptly 
operated as an oxygen density measurement cel. Therefore, it becomes possible to detect the internal 
resistance RVS of the Vs eel 6 with high precision, without being able to make time amount T four 
until it starts actuation of density measurement into time amount very short like 500microsec. after 
the processing starting concerned, and affecting measurement of an oxygen density and NOx 
concentration. 
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[0117] As explained above, it sets to the oxygen density and nitrogen-oxides density measurement 
equipment of this example. So that the temperature of the NOx sensor 2 may be detected from the 
internal resistance RVS of the Vs eel 6 which detects the oxygen density of the 1 st test chamber 20 
and this temperature may turn into target temperature (for example, 850 degrees C) Control the 
amount of energization currents to heaters 12 and 14, and moreover, when the chip temperature 
obtained from the detected internal resistance RVS or this internal resistance RVS separates from 
desired value It is made to carry out temperature compensation of the measurement result of NOx 
concentration and an oxygen density by amending the 2nd pump current IP 2 which expresses the 
measurement result of NOx concentration and an oxygen density with the amount of temperature 
compensation according to the deflection, and the 1st pump current IP 1, respectively. For this 
reason, according to the oxygen density and nitrogen-oxides density measurement equipment of this 
example, an oxygen density and NOx concentration can be detected with high precision, without 
being influenced by the temperature of the NOx sensor 2. 

[0118] Moreover, especially, by this example, while the laminating of the NOx sensor 2 is carried 
out to the order of the 1st pump eel 4, the Vs eel 6, and the 2nd pump eel 8 When the laminating of 
the heaters 12 and 14 is carried out to the direction both sides of a laminating and the NOx sensor 2 
is moreover projected [ the ] from a laminating 4d of diffusion limitation layers and the diffusion 
limitation layers 6d and 22d lap, and the heater wiring 12b and 14b of heaters 12 and 14 is arranged 
so that each [ these ] diffusion limitation layer may be pinched in an abbreviation center position. 
Therefore, in this example, the measured gas which can heat each eels 4-8 efficiently using heaters 
12 and 14, and flows in the 1st test chamber 20 and the 2nd test chamber 26 through each diffusion 
limitation layer according to the structure of such an NOx sensor 2 can also be efficiently heated 
now. For this reason, according to this example, by controlling the temperature of the Vs eel 6, it 
becomes possible to control more certainly the temperature of each eel which constitutes the NOx 
sensor 2 to target temperature, and it can improve the accuracy of measurement of an oxygen density 
and NOx concentration. 

[0119] In addition, if a sample and hold circuit is established in the input stage to the differential 
amplifier AMP and it is made to carry out sample hold of the porous electrode 6c side electrical 
potential difference Vs before measurement initiation of a chip temperature for example, the 
differential amplifier AMP will be operated with the electrical-potential-difference value which 
carried out sample hold, and current control of the 1st pump eel 4 can be made to maintain also 
during measurement of a chip temperature during measurement of a chip temperature, in this 
example, although it was made to suspend the current control to the 1st pump eel 4. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] One example of this invention is explained with a drawing below. The outline block 
diagram with which drawing 1 expresses the configuration of the whole oxygen density and 
nitrogen-oxides density measurement equipment of an example with which this invention was 
applied, and drawing 2 are the decomposition perspective views of the NOx sensor 2 used in this 
measuring device. The 1st oxygen pumping eel from which the measuring device of this example 
constitutes the NOx sensor 2 and the NOx sensor 2 as shown in drawing 1 (It is hereafter called the 
1 st pump eel) While performing the energization to 4 and the oxygen density measurement eel 
(henceforth Vs eel) 6, and a switch of an energization path The drive circuit 40 which detects the 
current (henceforth the 1st pump current) IP 1 which flows in the 1st pump eel 4, The detector 42 
which detects the current (henceforth the 2nd pump current) IP 2 which impresses a constant voltage 
to the 2nd oxygen pumping eel (henceforth the 2nd pump eel) 8 which constitutes the NOx sensor 2, 
and flows then, While controlling the heater energization circuit 44 which it energizes [ circuit ] to 
the heaters 12 and 14 of the pair prepared in the NOx sensor 2, and makes each eels 4, 6, and 8 heat, 
and the drive circuit 40 and the heater energization circuit 44 Detecting signals [ VIP / VIP and / 2 ] 
1 from the drive circuit 40 and a detector 42 It consists of electronic control circuits (henceforth 
ECU) 50 which are based and calculate the oxygen density and NOx concentration in measured gas 
and which consist of a microcomputer. 

[0061] As shown in drawing 2 , it sets in the NOx sensor 2. The 1st pump eel 4 Form the rectangle- 
like porous electrodes 4b and 4c and lead section 4bl of those, and 4cl, and further, a round hole is 
drilled in the both sides of solid electrolyte layer 4a formed in tabular at solid electrolyte layer 4a, 
respectively so that a part for the core of porous electrodes 4b and 4c may be penetrated. By putting 
a porous filler in the round hole, 4d of diffusion limitation layers is formed. 

[0062] The Vs eel 6 moreover, on both sides of solid electrolyte layer 4a of the 1st pump eel 4, and 
isomorphism-like solid electrolyte layer 6a 6d of diffusion limitation layers is formed by forming the 
porous electrodes 6b and 6c of a circle configuration and lead section 6bl of those, and 6cl, drilling a 
round hole in solid electrolyte layer 6a further, respectively so that a part for the core of porous 
electrodes 6b and 6c may be penetrated, and putting a porous filler in the round hole. 
[0063] And when the center position on solid electrolyte layer 4a and 6a carries out abbreviation 
coincidence of the porous electrodes 6b and 6c of this Vs eel 6, and the porous electrodes 4b and 4c 
of the 1st pump eel 4 and the laminating of the Vs eel 6 and the 1st pump eel 4 is carried out, he is 
trying for 4d to counter mutually 6d of each diffusion limitation layer. Moreover, the porous 
electrodes 6b and 6c of the circle configuration formed in the Vs eel 6 are smaller than the porous 
electrodes 4b and 4c of the shape of a rectangle formed in the 1st pump eel 4. Moreover, in the front 
rear face of the Vs eel 6, in order to prevent the current leak from lead section 6bl and 6cl lead 
section 6bl and 6cl — the wrap from an outside — the insulator layer which consists of an alumina 
etc. like forms — having — **** — moreover — each — in lead section 6bl and 6cl 6f of exsorption 
resistance sections which make a part of oxygen poured into the porous electrode 6c side by the 
below-mentioned energization control leak to the porous electrode 6b side is formed. 
[0064] Thus, the laminating of the 1st pump eel 4 and the Vs eel 6 which were formed is carried out 
through each above-mentioned solid electrolyte layers 4a and 6a and the isomorphism-like solid 
electrolyte layer 18. And the hole of the shape of a bigger rectangle than porous electrode 4c is 
drilled in the opposite location with each porous electrodes 4c and 6b of this solid electrolyte layer 



http : //www4 . ipdl . ncip i . go .j p/cgi-b in/tran_web_cgi_ej j e 



1/29/2007 



JP,10-142194,A [EXAMPLE] 



Page 2 of 9 



18, and this hole functions as the 1st test chamber 20. 

[0065] Moreover, the laminating of each above-mentioned solid electrolyte layers 4a and 6a and the 
isomorphism-like solid electrolyte layer 22 is carried out also to the porous electrode 6c side of the 
Vs eel 6. And 22d of diffusion limitation layers is formed in this solid electrolyte layer 22 by drilling 
the round hole of this dimension in 6d of diffusion limitation layers and homotopic of the Vs eel 6, 
and putting a porous filler in that round hole. 

[0066] On the other hand, the 2nd pump eel 8 forms the rectangle-like porous electrodes 8b and 8c 
and lead section 8bl of those, and 8cl in the both sides of solid electrolyte layer 8a formed in tabular 
like the 1st pump eel 4, respectively. And the laminating of this 2nd pump eel 8 is carried out to the 
solid electrolyte layer 22 through the solid electrolyte layer 18 and the solid electrolyte layer 24 
completely formed similarly. Consequently, the hole of the shape of a rectangle drilled by the solid 
electrolyte layer 24 will function as the 2nd test chamber 26. 

[0067] And the NOx sensor 2 except heaters 12 and 14 is produced by sintering at predetermined 
temperature, after carrying out the laminating of each part of the above and unifying. Moreover, 
predetermined spacing is opened with spacers 28 and 29, and the laminating of the heaters 12 and 14 
is carried out to the both sides of the layered product of the 1st pump eel 4 by which a laminating is 
carried out in this way, the Vs eel 6, and the 2nd pump eel 8, i.e., the outside of the 1st pump eel 4 
and the 2nd pump eel 8, respectively. 

[0068] These heaters 12 and 14 with each above-mentioned solid electrolyte layers 4a and 6a and — 
The isomorphism-like heater substrates 12a and 14a, It consists of the heater wiring 12b and 14b 
formed in the opposed face side with each above-mentioned eels 4 and 8 of each heater substrates 
12a and 14a and lead section 12bl of those, and 14bl. Spacers 28 and 29 With the porous electrodes 
4b and 8c of the 1st pump eel 4 and the 2nd pump eel 8, these heater wiring 12b and 14b is arranged 
at the lead section 12bl [ of the heater wiring 12b and 14b ], and 14bl side, respectively so that it may 
counter mutually through a gap. 

[0069] The heater substrates 12a and 14a are made of the alumina, and screen- stencil, calcinate and 
form in the sheet of an alumina what heater wiring mixed the alumina to platinum powder, and was 
made into the shape of a paste. In addition, an alumina sheet serves as the heater substrates 12a and 
14a and spacers 28 and 29 by baking. And it is joined using ceramic system adhesives from both 
sides of the already calcinated 1st pump eel 4 and the 2nd pump eel 8, and heaters 12 and 14 serve as 
the perfect NOx sensor 2. 

[0070] Here, as each above-mentioned solid electrolyte layers 4a and 6a and a solid electrolyte 
ingredient which constitutes -, although a zirconia, the solid solution and the zirconia of yttria, and 
the solid solution of calcia are typical, the solid solution of hafhia, the perovskite mold oxide solid 
solution, the trivalent metal oxide solid solution, etc. can be used for others. Moreover, it is desirable 
to use the platinum which has a catalyst function, and a rhodium or its alloy for the porous electrode 
prepared in the front face of each solid electrolyte layers 4a, 6a, and 8a. And as the formation 
approach, what mixed a solid electrolyte layer and the powder of the same ingredient to platinum 
powder, for example is made into the shape of a paste, it screen-stencils on a solid electrolyte layer, 
and the thick-film formation approach subsequently sintered and the coat formation approach by 
vacuum evaporationo are learned. Moreover, as for the diffusion limitation layers 4d, 6d, and 22d, it 
is desirable to use the ceramics which has a thin through tube, and porous ceramics. 
[0071] On the other hand, heater wiring 12b and 14b of heaters 12 and 14 is used as the composite 
material of the ceramics, platinum, or a platinum alloy, and in order to fall resistance and to reduce 
the electric loss in the lead section, considering as platinum or a platinum alloy is desirable [ the lead 
section 12bl and 14bl ]. Moreover, an alumina, a spinel, forsterite, a steatite, a zirconia, etc. can be 
used for the heater substrates 12a and 14a and spacers 28 and 29. 

[0072] Next, as shown in drawing 1 , the porous electrodes 4c and 6b by the side of the 1st test 
chamber 20 of the 1st pump eel 4 of the NOx sensor 2 and the Vs eel 6 are grounded through the 
resistor Rl, and the porous electrodes 4b and 6c of another side are connected to the drive circuit 40. 
The resistor R2 by which, as for the drive circuit 40, the constant voltage VCP was impressed to the 
end, and the other end was connected to porous electrode 6c of the Vs eel 6 through the open/close 
switch SW1, - the differential amplifier AMP by which porous electrode 6c of the Vs eel 6 was 
connected to the side input terminal through the open/close switch SW1, reference voltage VCO was 
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impressed to + side input terminal, and the output terminal was connected to porous electrode 4b of 
the 1st pump eel 4 through the resistor RO — since — it has becoming control-section 40a. 
[0073] This control-section 40a operates as follows, when an open/close switch SW1 is in an ON 
state. First, the oxygen in the 1st test chamber 20 is poured into the porous electrode 6c side of the 
Vs eel 6 by passing the fixed minute current iCP in the Vs eel 6 through a resistor R2. Since this 
porous electrode 6c is open for free passage the porous electrode 6b side through 6f of exsorption 
resistance sections while being blockaded by the solid electrolyte layer 22, the lock out space in 
porous electrode 6c serves as a fixed oxygen density by energization of the minute current iCP, and 
it functions as an internal oxygen reference standard. 

[0074] Moreover, if the porous electrode 6c side of the Vs eel 6 functions as an internal oxygen 
reference standard in this way, in the Vs eel 6, the electromotive force according to the ratio of the 
oxygen density in the 1st test chamber 20 and the oxygen density by the side of an internal oxygen 
reference standard will occur, and the porous electrode 6c side electrical potential difference Vs will 
turn into an electrical potential difference according to the oxygen density in the 1st test chamber 20 
at it. And since this electrical potential difference is inputted into the differential amplifier AMP, 
from the differential amplifier AMP, the electrical potential difference according to the deflection 
(VCO-input voltage) of reference voltage VCO and its input voltage is outputted, and this output 
voltage is impressed to porous electrode 4b of the 1st pump eel 4 through a resistor R0. 
[0075] Consequently, the 1st pump current IP 1 flows in the 1st pump eel 4, and it is controlled so 
that the electromotive force generated in the Vs eel 6 according to this 1st pump current IP 1 serves 
as a fixed electrical potential difference (it becomes fixed concentration like [ if it puts in another 
way / the oxygen density in the 1st test chamber 20 ]). That is, when it functions as a pump current 
control means and measured gas has flowed in the 1st test chamber 20 through 4d of diffusion 
limitation layers, this control-section 40a controls the oxygen density in the 1st test chamber 20 so 
that the oxygen density in the 1st test chamber 20 turns into fixed concentration. 
[0076] In addition, the oxygen density in the 1st test chamber 20 controlled in this way is set up so 
that energization of the 1st pump current IP 1 may not decompose the NOx component in the 
measured gas in the 1st test chamber 20 and oxygen may serve as hypoxia concentration (for 
example, about 1000 ppm) which exists for a while, and the value of lOOmV - about 200mV is set to 
the reference voltage VCO which determines this oxygen density. Moreover, the resistor R0 
prepared between the output of the differential amplifier AMP and porous electrode 4b is for 
detecting the 1st pump current IP 1, and it is the both-ends electrical potential difference VIP 1. It is 
inputted into ECU50 as a detecting signal of the 1st pump current IP 1. 

[0077] In the drive circuit 40, at the above-mentioned control-section 4.0a Next, in addition, current 
regulator circuit 40b which is connected to porous electrode 6c of the Vs eel 6 through an open/close 
switch SW2, and passes constant current to hard flow in the above-mentioned minute current iCP 
among porous electrode 6b-6c, It connects with porous electrode 6c of the Vs eel 6 through an 
open/close switch SW3, and has current regulator circuit 40c which passes constant current in the 
above-mentioned minute current iCP and this direction among porous electrode 6b-6c. 
[0078] Each [ these ] current regulator circuits 40b and 40c are for detecting the internal resistance 
RVS of the Vs eel 6. And in order to enable it for energization of this constant current to detect the 
internal resistance RVS of the Vs eel 6 by the ECU50 side, the porous electrode 6c side electrical 
potential difference Vs is inputted into ECU50. In addition, the constant current which each current 
regulator circuits 40b and 40c pass is set as the same current value only by the directions of a current 
differing. And this current value is larger than the minute current iCP supplied to the Vs eel 6 
through a resistor R2. 

[0079] Moreover, the open/close switches SW1-SW3 formed, respectively between control-section 
40a, current regulator circuits 40b and 40c, and porous electrode 6c of the Vs eel 6 are turned on and 
off by the control signal from ECU50, and perform measurement actuation of an oxygen density and 
NOx concentration. Usually, only when only an open/close switch SW1 will be in an ON state, 
control-section 40a operates and it sometimes detects the internal resistance RVS of the Vs eel 6, an 
open/close switch SW1 will be in an OFF state, and open/close switches SW2 and SW3 are 
controlled by the ON state in order. 

[0080] On the other hand, between porous electrode 8b of the 2nd pump eel 8 of the NOx sensor 2, 
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and 8c, a constant voltage VP 2 is impressed through the resistor R3 as a constant- voltage 
impression means to constitute the above-mentioned detector 42. In the 2nd pump eel 8, a current 
flows from porous electrode 8c to the 8b side, and as for the impression direction of this constant 
voltage VP 2, the porous electrode 8c side is set up so that the positive-electrode and porous 
electrode 8b side may serve as a negative electrode, so that the oxygen in the 2nd test chamber 26 
may be pumped out outside. Moreover, this constant voltage VP 2 decomposes the NOx component 
in the measured gas of the 2nd measurement interior of a room which flows through the diffusion 
limitation layers 6d and 22d from the 1 st test chamber 20, and is set to the electrical potential 
difference which can pump out that oxygen component, for example, 450mV. 
[0081] In addition, it is an electrical potential difference VIP 2 about the 2nd pump current IP 2 to 
which a resistor R3 flows in the 2nd pump eel 8 by impression of this constant voltage VP 2. It is for 
changing and inputting into ECU50 as a detecting signal of the 2nd pump current IP 2. Thus, it sets 
to the oxygen density and nitrogen-oxides density measurement equipment of constituted this 
example. If the open/close switch SW1 in the drive circuit 40 is turned on and open/close switches 
SW2 and SW3 are turned off The oxygen density in the 1st test chamber 20 into which measured gas 
flows through 4d (the 1st diffusion limitation layer) of diffusion limitation layers is controlled by 
actuation of control-section 40a by the fixed oxygen density. Since the measured gas in the 1st test 
chamber 20 controlled by the fixed oxygen density flows into the 2nd test chamber 26 through the 
diffusion limitation layers (the 2nd diffusion limitation layer) 6d and 22d, The 1st pump current IP 1 
which flows in the 1st pump eel 4 changes according to the oxygen density in measured gas. The 2nd 
pump current IP 2 which flows in the 2nd pump eel 8 comes to change according to the NOx 
concentration in measured gas. Detecting signals VIP1 and VIP2 which express each [ these ] 
currents IP1 and IP2 with the ECU50 side The oxygen density and NOx concentration in measured 
gas can be measured by reading and performing predetermined data processing. 
[0082] By the way, it is necessary to control uniformly the temperature of each above-mentioned 
eels 4, 6, and 8, and the temperature of the Vs eel 6 which detects the oxygen density in the 1st test 
chamber 20 especially, and for that, in order to secure the accuracy of measurement of each [ these ] 
concentration, it is necessary to control the amount of energization currents from the heater 
energization circuit 44 to each heaters 12 and 14 so that the temperature of the Vs eel 6 turns into 
target temperature. So, in ECU50, by switching the on-off condition of the above-mentioned 
open/close switches SW1-SW3, the temperature of the Vs eel 6 is detected from that internal 
resistance RVS, and the amount of energization from the heater energization circuit 44 to heaters 12 
and 14 is controlled by this example so that this detected internal resistance RVS serves as constant 
value (that is, the temperature of the Vs eel 6 target temperature). 

[0083] Hereafter, the control processing performed in ECU50 for such temperature control and 
density measurement is explained along with the flow chart shown in drawing 3 and drawing 4 . In 
addition, in order that drawing 3 may measure an oxygen density and NOx concentration, the oxygen 
density and NOx density measurement processing repeatedly performed in ECU50 are expressed, 
and drawing 4 expresses the internal resistance detection processing performed in ECU50 as 
interrupt processing of every fixed time amount TO (for example, lsec), in order to detect the 
internal resistance RVS of the Vs eel 6 and to control the energization to heaters 12 and 14. 
[0084] As shown in drawing 3 , in an oxygen density and NOx density measurement processing, 
activation judging processing in which it waits to activate the NOx sensor 2 is first performed after 
starting of the measuring device concerned SI 00 (S expresses a step) by judging whether the NOx 
sensor 2 was activated by energization to heaters 12 and 14. 

[0085] This activation judging processing is performed by judging whether the internal resistance 
RVS of the Vs eel 6 detected by the below-mentioned internal resistance detection processing 
became below the activation decision value set up beforehand. That is, as shown in drawing 5 , since 
the internal resistance RVS of the Vs eel 6 decreases as a chip temperature rises and the Vs eel 6 is 
activated, after energization starting to heaters 12 and 14, it judges whether the chip temperature 
reached predetermined activation temperature by SI 00 by judging whether the internal resistance 
RVS of the Vs eel 6 became below an activation decision value. 

[0086] Moreover, although the open/close switch SW1 in the drive circuit 40 is controlled by the ON 
state and open/close switches SW2 and SW3 are controlled by initialization processing which is not 
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illustrated by the OFF state immediately after starting of the measuring device concerned, actuation 
of the differential amplifier AMP in the drive circuit 40 stops until the NOx sensor 2 goes up even 
near the activation temperature by activation judging processing of the above SI 00. This is because 
the internal resistance RVS of the Vs eel 6 is large, so an overcurrent will flow in the 1st pump eel 4 
if the porous electrode 6c side electrical potential difference Vs inputted into the differential 
amplifier AMP becomes high too much and the differential amplifier AMP is operated in the 
condition that the NOx sensor 2 is not being activated. 

[0087] Next, detecting signal VIP 2 which will shift to SI 10 and will be inputted from the resistor 
R3 of a detector 42 if it is judged that the NOx sensor 2 was activated in SI 00 By reading, 
processing as a nitrogen-oxides density measurement means to detect the 2nd pump current IP 2 is 
performed. Moreover, detecting signal VIP 1 inputted from the resistor R0 of the drive circuit 40 in 
SI 20 continuing By reading, processing as an oxygen density measurement means to detect the 1st 
pump current IP 1 is performed. 

[0088] And in SI 30 continuing, the amount of criteria amendments to the 2nd pump current IP 2 is 
computed based on the detected 1st pump current IP 1. That is, in this example, since the oxygen 
density in the 1st test chamber 20 is controlled by pump current control by the above-mentioned 
drive circuit 40 to hypoxia concentration not to decompose the NOx component in the measured gas 
in the 1st test chamber 20, not only NOx in measured gas but oxygen flows into the 2nd test chamber 
26. Therefore, although the 2nd pump current IP 2 changes corresponding to the NOx concentration 
in measured gas, the effect of the oxygen density in measured gas also receives it. Although an 
example of the measurement result of the 1st pump current IP 1 at the time of drawing 6 making 
measured gas the gas for a trial which does not contain NOx, and operating the equipment 
concerned, and the 2nd pump current IP 2 is expressed The 1st pump current IP 1 changes with a 
fixed inclination corresponding to the oxygen density in measured gas, and the 2nd pump current IP 
2 changes in response to the effect of the oxygen density in measured gas so that clearly also from 
this drawing. 

[0089] Then, in this example, in order to make the 2nd pump current IP 2 correspond only to the 
NOx concentration in measured gas The value of the 2nd pump current IP 2 corresponding to the 
oxygen density obtained when the measured gas which does not contain NOx as mentioned above is 
measured Memorize beforehand to storages, such as ROM, as an offset value for 2nd pump current 
IP2 amendment, and the oxygen density in measured gas is detected from the 1st pump current IP 1. 
He reads the offset value corresponding to this oxygen density out of the offset value data 
memorized beforehand, and is trying to set it up as the above-mentioned amount of criteria 
amendments. 

[0090] In addition, in case this amount of criteria amendments is actually computed, the map which 
memorized the offset value (that is, the amount of criteria amendments) corresponding to the 1st 
pump current IP 1 is used, and the amount of direct criteria amendments is calculated from the 1st 
pump current IP 1 by searching this map by making the 1st pump current IP 1 into a parameter. 
[0091] In this way, if the amount of criteria amendments is computed, it will shift to SI 40 shortly 
and the internal resistance RVS of the Vs eel 6 obtained by the below-mentioned internal resistance 
detection processing will be read. And in SI 50 continuing, the amount of temperature compensation 
to the 2nd pump current IP 2 is computed based on this read internal resistance RVS. 
[0092] That is, although the energization to heaters 12 and 14 is controlled by this example so that 
the internal resistance RVS of the Vs eel 6 is detected and the internal resistance RVS serves as a 
predetermined value in the below-mentioned internal resistance detection processing (the 
temperature of the NOx sensor 2 will turn into predetermined target temperature if it puts in another 
way like) When the temperature of measured gas changes suddenly, temperature control cannot be 
made to follow the temperature change of measured gas, but the temperature of the NOx sensor 2 
may change with the temperature changes of measured gas. 

[0093] For example, that the NOx concentration under an internal combustion engine's exhaust air 
should be measured using the measuring device of this example, drawing 7 attaches the NOx sensor 
2 in an internal combustion engine's exhaust pipe, and expresses an example of the measurement 
result of having measured the temperature change of the NOx sensor 2 at the time of operating the 
equipment concerned. So that clearly from this drawing in the measuring device of this example If 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/29/2007 



*JP,10-142194,A [EXAMPLE] 



Page 6 of 9 



an exhaust-gas temperature falls temporarily or an exhaust-gas temperature rises temporarily with 
reduction of an inhalation air content with increase of an inhalation air content at the time of 
moderation of an internal combustion engine at the time of acceleration of an internal combustion 
engine in spite of performing the below-mentioned temperature control In response to the effect of 
the temperature change, both the 1st pump current IP 1 and the 2nd pump current IP 2 change, and 
the NOx sensor 2 will require the time amount also for about 1 minute, by the time especially the 
2nd pump current IP 2 returns to a stable state. In addition, this is for returning the oxygen density to 
target concentration after that to take time amount, once the oxygen density in the 1 st test chamber 
20 shifts from target concentration, when the 1st pump current IP 2 is influenced of an exhaust-gas 
temperature. 

[0094] Then, even if the temperature of measured gas changes suddenly, in order to enable it to 
measure NOx concentration correctly from the 2nd pump current IP 2, he searches for the 
temperature of the Vs eel 6 from the internal resistance RVS of the Vs eel 6, for example, is trying to 
ask drawing 8 for the amount of temperature compensation to the 2nd pump current IP 2 in this 
example using the map for the amount calculation of**** temperature compensation. 
[0095] In addition, although the map shown in drawing 8 is set up so that the amount of temperature 
compensation may be calculated from the chip temperature of the Vs eel 6, it can calculate the 
amount of direct temperature compensation from internal resistance RVS, without converting 
internal resistance RVS into temperature, if the map for the amount calculation of temperature 
compensation which makes a parameter internal resistance RVS of the Vs eel 6 is set up beforehand. 
Moreover, for example, the map which makes a parameter deflection of a chip temperature and 
target temperature (target temperature is 850 degrees C in drawing 8 ) is set up beforehand. You may 
make it calculate the amount of temperature compensation from the gap (deflection) from the target 
temperature of a chip temperature. The map which makes a parameter deflection of internal 
resistance RVS and the target resistance corresponding to target temperature is set up beforehand, 
and you may make it calculate the amount of temperature compensation from the gap (deflection) 
from the target resistance of internal resistance RVS. 

[0096] Next, if the amount of temperature compensation is computed in SI 50, it will shift to SI 60 
and the 2nd pump current IP 2 will be amended by adding the amount of criteria amendments, and 
the amount of temperature compensation to the 2nd pump current IP 2 detected by SI 10. And in 
SI 70 continuing, the 2nd pump current LP 2 after this amendment is outputted to external devices 
(engine control system etc.) as a measurement result of NOx concentration. 
[0097] Next by SI 80, the amount of temperature compensation to the 1st pump current IP 1 is 
computed again based on the internal resistance RVS read by SI 40. And using this computed 
amount of temperature compensation, the 1st pump current IP 1 detected by SI 20 is amended, and in 
S200 continuing, the 1 st pump current IP 1 after this amendment is outputted to an external device as 
a measurement result of an oxygen density, and it shifts to SI 10 again SI 90 continuing. 
[0098] In addition, processing of SI 80 and SI 90 is processing for making the 1st pump current IP 1 
correspond to the oxygen density in measured gas, without being influenced by the temperature 
change of the NOx sensor 2, and computes the amount of temperature compensation to the 1st pump 
current IP 1 like the above SI 50 in SI 80 using the map set up beforehand. 

[0099] And in this example, processing of SI 50, SI 60, SI 80, and SI 90 which are performed in order 
to amend the 2nd pump current IP 2 corresponding to NOx concentration and the 1 st pump current 
IP 1 corresponding to an oxygen density according to the temperature of the Vs eel 6, respectively is 
equivalent to the amendment means of this invention. 

[0100] By this example, it sets here to above-mentioned oxygen density and NOx density 
measurement processing. The amount of criteria amendments for amending the 2nd pump current IP 
2 according to the oxygen density in measured gas based on the 1st pump current IP 1, Although 
explained as what calculates the amount of temperature compensation for amending the 2nd pump 
current IP 2 according to the temperature of the Vs eel 6 separately, and amends the 2nd pump 
current IP 2 For example, by setting up the map for the amount calculation of criteria amendments, 
and switching the map used for calculation of the amount of criteria amendments according to the 
temperature of the Vs eel 6 for every temperature of the Vs eel 6 You may make it calculate the 
amount of amendments for amending the 2nd pump current IP 2 according to the oxygen density in 
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measured gas, and the temperature of the Vs eel 6. The two-dimensional map for the amount 
calculation of amendments which makes a parameter the 1 st pump current IP 1 and temperature (or 
internal resistance RVS) of the Vs eel 6 is set up beforehand, and you may make it calculate the 
amount of amendments to the 2nd pump current IP 2 using this map. 

[0101] Next, the internal resistance detection processing shown in drawing 4 is explained. In 
addition, not only the function as a temperature detection means to only detect the internal resistance 
RVS of the Vs eel 6 but the function as a heater energization control means which controls the 
amount of energization currents to heaters 12 and 14 through the heater energization circuit 44 from 
that detection result has this internal resistance detection processing. 

[0102] If this processing is started as shown in drawing 4 , in S210, the porous electrode 6c side 
electrical potential difference Vs of the Vs eel 6 will be read, and this will be set up as a basic 
detection electrical potential difference VS 1 of the Vs eel 6. And in S220 continuing, constant 
current is passed in the minute current iCP to the Vs eel 6 to hard flow (that is, direction which pours 
oxygen into the 1st test-chamber 20 side from the lock out space side which had become an internal 
oxygen reference standard until now) by turning off the open/close switch SW1 made into the ON 
state for density measurement, and turning on the open/close switch SW2 connected to current 
regulator circuit 40b. 

[0103] Moreover, in S230 continuing, after starting of the detection processing concerned, if waiting 
and predetermined time Tl pass that predetermined time Tl passes by judging whether 
predetermined time Tl (for example, 60microsec.) passed, the porous electrode 6c side electrical 
potential difference Vs of the Vs eel 6 will be read, and this will be set up S240 as a resistance 
detection electrical potential difference VS 2 of the Vs eel 6. 

[0104] In this way, by shifting to S250 and judging whether predetermined time T2 (for example, 
lOOmicrosec.) passed after starting of the detection processing concerned, if the resistance detection 
electrical potential difference VS 2 is set up When waiting and predetermined time T2 pass, that 
predetermined time T2 passes in S260 By turning off the open/close switch SW2 used as the ON 
state between fixed time amount T2 after starting of the detection processing concerned, and turning 
on the open/close switch SW3 connected to current regulator circuit 40c Constant current is passed 
in the Vs eel 6 in the minute current iCP and this direction (that is, direction which pours the oxygen 
in the 1st test chamber 20 into a lock out space side). 

[0105] Thus, if waiting and predetermined time T3 pass that predetermined time T3 passes by 
shifting to S270 and judging whether predetermined time T3 (for example, 200microsec.) passed 
after starting of the detection processing concerned this time if an open/close switch SW3 is turned 
on, an open/close switch SW3 is turned off in S280. Consequently, the open/close switches SW1- 
SW3 in the drive circuit 40 will be in an OFF state altogether. 

[0106] And in S290 continuing, deflection **Vs (=VS1-VS2) of the basic detection electrical 
potential difference VS 1 set up immediately after starting of the detection processing concerned and 
the resistance detection electrical potential difference VS 2 set up after predetermined time Tl 
progress is calculated, and it shifts to S3 10 which computes the internal resistance RVS of this Vs 
eel 6 from deflection **Vs, and continues in S300. In addition, the calculation technique of the 
internal resistance RVS in this example is explained in detail later. 

[0107] The deflection of the internal resistance RVS of the Vs eel 6 and desired value which carried 
out [ above-mentioned ] calculation in S3 10, Or it is based on the deflection of the temperature of the 
Vs eel 6 and target temperature which are acquired from internal resistance RVS. The control signal 
(heater control signal) the increase of the amount of energization currents to heaters 12 and 14 and 
for carrying out a decrease is outputted to the heater energization circuit 44, and processing as a 
heater energization control means which controls the amount of currents supplied to heaters 12 and 
14 from the heater energization circuit 44 is performed. 

[0108] in addition, in this heater energization control, when energization and un-energizing to 
heaters 12 and 14 are constituted from a switching circuit which can be switched to a high speed, the 
heater energization circuit 44 That what is necessary is just to control the duty ratio of the driving 
pulse which switches its energization and un-energizing Moreover, what is necessary is just to make 
it fluctuate an electrical potential difference based on the heater control signal from ECU50, when 
the output voltage to heaters 12 and 14 is constituted for the heater energization circuit 44 from a 
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controllable armature-voltage control circuit. 

[0109] When a heater control signal is outputted in this way, and shortly By shifting to S320 and 
judging whether predetermined time T four (for example, 500microsec.) passed after starting of the 
detection processing concerned When waiting and predetermined time T four pass that 
predetermined time T four passes, measurement actuation of an oxygen density and NOx 
concentration is made to resume by turning on the open/close switch SW1 used as the OFF state 
between fixed time amount T four after starting of the detection processing concerned, and ending 
the detection processing concerned in S330. 

[01 10] In internal resistance detection processing in which it explained above, while turning off the 
open/close switch SW1 in the drive circuit 40 and stopping energization of the minute current iCP to 
the Vs eel 6, and pump current control if processing is started (time tl) as shown in drawing 9 , an 
open/close switch SW2 is turned on and constant current is passed to hard flow in the minute current 
iCP to the Vs eel 6. And if fixed time amount Tl passes after that (time t2), the porous electrode 6c 
side electrical potential difference Vs at that time will be set up as a resistance detection electrical 
potential difference VS 2, and the internal resistance RVS of the Vs eel 6 from deflection **Vs of 
this resistance detection electrical potential difference VS 2 and the porous electrode 6c side 
electrical potential difference Vs (that is, the basic detection electrical potential difference VS 1) at 
the time of the detection processing starting concerned will be detected. Hereafter, this reason is 
explained. 

[0111] First, when the constant current for internal resistance detection is passed in the Vs eel 6, the 
porous electrode 6c side electrical potential difference Vs of the Vs eel 6 changes not only with the 
internal resistance RVS of the Vs eel 6 but with the electromotive force generated according to the 
ratio of the oxygen density by the side of each electrode 6b and 6c. Then, in order that the porous 
electrode 6c side electrical potential difference Vs for internal resistance detection may make effect 
of this electromotive force hard to be influenced, he passes a bigger current than the minute current 
iCP, and is trying for the voltage drop by the internal resistance RVS of the Vs eel 6 to become large 
in this example. 

[0112] Moreover, since the oxygen density by the side of each electrode 6b of the Vs eel 6 and 6c 
becomes abbreviation regularity by pump current control and energization of the minute current iCP, 
respectively, the electromotive force of the Vs eel 6 also becomes abbreviation regularity, therefore - 
- even if it passes constant current in the Vs eel 6 and detects the porous electrode 6c side electrical 
potential difference Vs (namely, VS2) at that time — the internal resistance RVS of this electrical- 
potential-difference value to the Vs eel 6 — abbreviation — it can ask correctly. 
[0113] However, more strictly, since the oxygen density in the 1st test chamber 20 is controlled by 
feedback control of a pump current, it is changed according to the response delay of a control system 
etc., and is not fixed to fixed concentration. Moreover, the oxygen density in the 1st test chamber 20 
changes also with the temperature of the NOx sensor 2. Therefore, when it asks for internal 
resistance RVS from the electrical potential difference Vs detected by passing the constant current 
for internal resistance RVS detection in the Vs eel 6, although it is [ some ], an error will arise in 
internal resistance RVS. 

[0114] Then, in this example, in order to enable it to detect more the internal resistance RVS of the 
Vs eel 6, as a result a chip temperature to accuracy The variation (deflection **Vs) of the porous 
electrode 6c side electrical potential difference Vs after passing the constant current for internal 
resistance RVS detection in the Vs eel 6 until it carries out predetermined time (for example, 
60microsec.) progress is detected. Even if it is the case where the oxygen density in the 1st test 
chamber 20 has shifted from target concentration by asking for deflection **Vs to this internal 
resistance RVS, it enables it to ask for the internal resistance RVS of the Vs eel 6, as a result a chip 
temperature correctly. 

[01 15] In addition, what is necessary is to set up beforehand the map which memorized internal 
resistance RVS corresponding to deflection **Vs, and just to compute internal resistance RVS using 
this map, if it hits computing this internal resistance RVS. Next, again in internal resistance detection 
processing of this example The time of predetermined time (for example, 40microsec.) passing 
further after that, and the elapsed time after the detection processing starting concerned amounting to 
T2, if fixed time amount Tl passed after starting and the resistance detection electrical potential 
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difference VS 2 was set up (time t2) by t3 By turning off the open/close switch SW2 of the drive 
circuit 40, and turning on an open/close switch S W3 Constant current is passed in the minute current 
iCP and this direction in the Vs eel 6, and further, if fixed time amount (for example, lOOmicrosec.) 
passes and the elapsed time after the detection processing starting concerned reaches T3 (time t4), an 
open/close switch SW3 is turned off. 

[0116] Consequently, by could return promptly the oxygen pumped out of the lock out space by the 
side of porous electrode 6c of the Vs eel 6 for detection of internal resistance RVS in this example, 
and having passed the current to hard flow in iCP Since the internal polarization condition of the Vs 
eel 6 of having changed can be restored, the lock out space by the side of porous electrode 6c can be 
promptly operated as a source of internal reference oxygen, and the Vs. eel 6 can be promptly 
operated as an oxygen density measurement cel. Therefore, it becomes possible to detect the internal 
resistance RVS of the Vs eel 6 with high precision, without being able to make time amount T four 
until it starts actuation of density measurement into time amount very short like 500microsec. after 
the processing starting concerned, and affecting measurement of an oxygen density and NOx 
concentration. 

[0117] As explained above, it sets to the oxygen density and nitrogen-oxides density measurement 
equipment of this example. So that the temperature of the NOx sensor 2 may be detected from the 
internal resistance RVS of the Vs eel 6 which detects the oxygen density of the 1st test chamber 20 
and this temperature may turn into target temperature (for example, 850 degrees C) Control the 
amount of energization currents to heaters 12 and 14, and moreover, when the chip temperature 
obtained from the detected internal resistance RVS or this internal resistance RVS separates from 
desired value It is made to carry out temperature compensation of the measurement result of NOx 
concentration and an oxygen density by amending the 2nd pump current IP 2 which expresses the 
measurement result of NOx concentration and an oxygen density with the amount of temperature 
compensation according to the deflection, and the 1st pump current IP 1, respectively. For this 
reason, according to the oxygen density and nitrogen-oxides density measurement equipment of this 
example, an oxygen density and NOx concentration can be detected with high precision, without 
being influenced by the temperature of the NOx sensor 2. 

[0118] Moreover, especially, by this example, while the laminating of the NOx sensor 2 is carried 
out to the order of the 1st pump eel 4, the Vs eel 6, and the 2nd pump eel 8 When the laminating of 
the heaters 12 and 14 is carried out to the direction both sides of a laminating and the NOx sensor 2 
is moreover projected [ the ] from a laminating 4d of diffusion limitation layers and the diffusion 
limitation layers 6d and 22d lap, and the heater wiring 12b and 14b of heaters 12 and 14 is arranged 
so that each [ these ] diffusion limitation layer may be pinched in an abbreviation center position. 
Therefore, in this example, the measured gas which can heat each eels 4-8 efficiently using heaters 
12 and 14, and flows in the 1st test chamber 20 and the 2nd test chamber 26 through each diffusion 
limitation layer according to the structure of such an NOx sensor 2 can also be efficiently heated 
now. For this reason, according to this example, by controlling the temperature of the Vs eel 6, it 
becomes possible to control more certainly the temperature of each eel which constitutes the NOx 
sensor 2 to target temperature, and it can improve the accuracy of measurement of an oxygen density 
and NOx concentration. 

[01 19] In addition, if a sample and hold circuit is established in the input stage to the differential 
amplifier AMP and it is made to carry out sample hold of the porous electrode 6c side electrical 
potential difference Vs before measurement initiation of a chip temperature for example, the 
differential amplifier AMP will be operated with the electrical-potential-difference value which 
carried out sample hold, and current control of the 1st pump eel 4 can be made to maintain also 
during measurement of a chip temperature during measurement of a chip temperature, in this 
example, although it was made to suspend the current control to the 1st pump eel 4. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline block diagram showing the configuration of the whole oxygen density 
and nitrogen-oxides density measurement equipment of an example. 

[Drawing 2] It is a decomposition perspective view showing the configuration of the NOx sensor of 
an example. 

[Drawing 3] It is a flow chart showing the oxygen density and NOx density measurement processing 
repeatedly performed in ECU of an example. 

[Drawing 4] It is a flow chart showing the internal resistance detection processing performed as 
interrupt processing for every predetermined time in ECU of an example. 

[Drawing 5] It is a graph showing the relation between the internal resistance of an oxygen density 
measurement eel, and a chip temperature. 

[Drawing 6] It is a graph showing relation with the oxygen density of measured gas, the 1st pump 
current, and the 2nd pump current which do not contain NOx. 

[Drawing 7] It is a timing diagram showing change of the 1st pump current produced by the exhaust 
air temperature change at the time of** and moderation of an internal combustion engine, and the 
2nd pump current. 

[Drawing 8] It is a graph showing an example of the map used in case the amount of temperature 
compensation to the 2nd pump current is calculated. 

[Drawing 9 ] It is a timing diagram explaining actuation of the internal resistance detection 
processing shown in drawing 4 . 

[Drawing 10] It is an explanatory view explaining the temperature characteristic of the oxygen 
density which all field air-fuel ratio sensors set, and is obtained by pump current control. 
[Description of Notations] 

2 — NOx sensor 4 — The 1st pump eel 6 — Vs eel 
8 — The 2nd pump eel 12 14 — Heater 
4a, 6a, 8a, 18, 22, 24 - Solid electrolyte layer 
4b, 4c, 6b, 6c, 8b, 8c — Porous electrode 

4d, 6d, 22d ~ Diffusion limitation layer 6f — Exsorption resistance section 

12a, 14a - Heater substrate 12b, 14b — Heater wiring 

20 - The 1st test chamber 26 — The 2nd test chamber 40 ~ Drive circuit 

40a — Control section 40b, 40c — Current regulator circuit 42 — Detector 

44 - Heater energization circuit AMP — Differential amplifier 

R0, Rl , R2, R3 - Resistor 

SW1, SW2, SW3 - Open/close switch 
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[Drawing 4] 
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*0ft4HMl4MME*a£U KTEJK l 

[0 0 12] -t LT\ lf*«2(CE«ro^BJ(i, 

»*«3fcia*o»Wli, If 2 [cEfcwaS 

[0 0 13] W*«4|C|E«©3SW»±, gf*«l 

lc|E«<0 N O x -fe <t mm CO N O x ± y f- £/B V , 

-sitt *s <fc 5 t-mrism i ii*jK^f y^-fe/n^msK 

Hi*Pi-5Sft£EH]*0*at. ME* 2 
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6. 

[0 0 14] *LT\ ffr#S5fcE*©««l±, rcDfS 
[0 0 15] »#JS6fclE*t©»?IU4, »*3S5 

(cia«<oaj^eictJv>T, fficaAttttt^Afc-ctftfi] 
©aii3t»*ft*Ei-« r t k. x *> #a£&«*a&ttft 

[0 0 16] tfc&tc, »**7fClB<l©*Wtt, ft* 
« 5 6 Efc©$?jt«* • ft*afl4lfe*&tt£ 

20 tRi-t-5. 

[0 0 17] £fc, »*«8KE«»38Wtt, ffi*3S7 

B^^ENOx■^r>'1^^cioV^-c, BffE^Saa^-fe^wmr 
ESB 1 fc ttR*T«©#?LWt«ttH* $ tv5 t * 

30 SftaS-fe/HC^CSfim*^— Si[i:*5<k9(CHuE 
IBliJ*jH^try^-feyHcflEn6*flE*Sr«iJ»L, WE 
fiA^lii#©li, HuE^^^«atW^SimlES?*« 

«fE»3tf*«a^-fe^fc, ^nE«/h««tJ: 0 <{>:*:# ftrt 
ffl5ffiei«iaffl*«lESrffiE»/h««IEi:»4i8*lRl^*L, * 
© i: # BuE^* aftast-fe/KOWiM C 5 «JE A» 

[00 18] Sfc, lf*«9ICEictO^BJ«, »*«8 

40 EftoK^aS • tt*flfeftftft&a£3fiKfc*sv^-c, bu 
[0019] m$q( 1 0 

4 9 v^rti*»B*<o**aa • mmmtemmat 

a^gBI-fev^T, s(fENOx-tyiMr*5^-c, fluEm 

i®?*^>-t^^-fe/h mmm&mj£±>*'Rzfm2m% 
50 #nmm&zti. WE^ia^xu ? m2a^«, 
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Ltzmftmm'xazftmz lx. mfenmm 

H***ft«oa«*lRjW«lt3f3£o|BI«*^L-C** 
lttlE»lt£ttJifr, NG«lR»2Ky 

« t mm * nfc t - * Ba$© t o^(S]{4giiffM 

[00 2 0] ffl#« 1 1 K1E*<03801li, ffi&g 

i o \c%M<D&mfcm • gmmimmmmmm^is^ 
x. ntimm2&mwmmz, mmuox±yy-%ffim& 

[0 0 2 1] 

s& 2 mmxyv^y^Mc® 2 na^&MmtH 

■*-*lfiIlc-3t«£E«ra«!lB-f-5. o*5, *%W%mX' 
f4. NOxir>i>-£ffl^TNOxjga£$J£1-5*-g-i: 
^©ffilij^lRi-eNOx-fe^Srffiiiji-S. L*C, - 

j£#**©s*swfc#>»a (Noxgj) *aijfci-s*: 
it-c-&< , $ i m%x>\fvy±Mzmfiz>tmm*h 

[0 0 2 2] rtU4, ^lJKvf^^-fe:yHcjEix5«lift 
Sri«ffliUTlBiai]e*0**«**r-3e^lW»i-5jKy 

m&±>v%:m^xwimi£#x t ¥<owtmmm$:mfe+z 

[0 0 2 3] *LT;l©J:5K, *»WJ^J:ixtf, NO 

xgair^aij^-rsfc*. m&LtzftmmmvNOxm 

t £$Stt-t? > -f k © 2 ocD-fe vf-Sr^tt 5jfi55^<C < , 

znftmmmnMi&zwimcLx. ^^vw^zmz 

[0 0 2 4] ifc, #3893lcJ;*Ui\ -o«NOxty 
f-^fflv^TK^fi*i:NOxfiai:SraiJS1--5fcJ6, £ 

tLt>#a^itt*tt, fessatNOxsat^/is-fe 

(ot •3&iSHr^'tf-i:NOx-1r>f-) £ffli^T$iJ£ 
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Lfc^tJt^T, tt»TKv^tlB8ttt^ri--5r4:t/£ 
5, t£oT, *»W#fcfc±9«l£LfcR**ai:NO 

So 

[0 0 2 5] EP*>, NOxttJSE©&flS«r*ll5fcl4, 
*><9> NOxwSIfcbi:^-?:©^©^ 

[oo2 6] 0*19, rt^«Hic*3VNT, m^Ltzmn 

<, iSl-Eg^lt^^:#v^#^<iNOxcoiitti*(4#< 
45rfc*>f>, S*JtK*rt-5NOxaffi*©ST««[Sr 

^gas^'Noxsa^i^^icaij^L-c, ^©atet^ 

20 HT-C*>5d»5*»S:JW»rLr, NO x «a#n«£lg 

nar, #ftt«)»**ai:NOx«at*>e>NOx«jK 

[0 0 2 7] f LT, w©i5*NOx*jft©*{l2tlJ!e 
«rfT5*g\ K^«a©SiJ^i:NOx2Sawa'J^i:t-m 

tt»lfe»o#^Yk©ga©S*k:J:oT» £$>ifcl->tf 

-r5Nox»a<ottai»ttfciRs*J4i:. nox«b 

30 [0 0 2 8] L/4>U {@*©NO x "tr g {£(;:#&© 

ffifcJfctNOxottttttarotf&otoHtt/iVN, fL 
t, *«Mt-J:*Ltfs -oroNOxtyt^fflv^ti 
«pro»*«a iNOxiSSi Sraue-f S r k t>> 

ga»jt^»i-5NOx»a©*a«H!fefciR^s4i: 

[0 0 2 9] »t»*«2lcE«©i«3e*jSfe"Cli, NO 
x ir viMcio it 5 R*»a«93£-fc ^©fia^Bf J£© S ^ 
40 ?fiai^e5J;9ic. NOx-fevf-fd^tt^titct-^ — 

(ommmm ^y^mmmm) \c£-?xm impost 
mm^-micmmx'^fum^ &mm&i>NOxm 

afcjESUcaiJS-rS- ilitfti" , B 1 H££rolfe*ft 
aSr-S(i«W»-f5lctt. *OK*«a*SI3Ei-5»3lS 

»affl^-fc/Kofla*-^aate«»i-5^Bas*>5fc 

[0 0 3 0] o* t) , ifc*»aiW3t-fe/H4, HftWfcH 
S^-*f©#?LK«ffiT'^A,fc**^, *©*smii, # 

50 m&mo&mft&p 1 , p 2 icu^ct, h©s: 
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(1) 

EMF = a XTX 1 o g (P1/P2) — (1) 
ffiU a :Jfc#|5E$C, Tttift*ras 
^MiSfittaEMF#£C5£i:«:flUHU IfeiRS 

(i**#jepi) b-tzzk^xo. mim& 
a, KRMsne-fc^oaAT^i ooo a k-c, n 

a'J^rtWgf*«S^ 1 0 0 0 p pm-Cfcofct fir, 
^*2gSiJ^-b/K^ee^EMF^2 OOmVffcof: 
t-fiUf, !STi!8 0 0° Kl^5t, gl^EMF 
(±1 6 OmVirftoT L£ 5, r (Ofc«>, ^ 1 M^<0 

[oo3i] #ic, a*± 9K*»flEoa^icffiffl*ix 

«ffl*PfcJ: !)Ifirt^^i^^L/j:v^l (ft 

5£ Lfcfi£#f4£#3 rtms^ NOxt Vf-f 
14, jK^mflEfflUPic J; •? m l a^rt o 

^•tr A-Srffl ^X N O x ZMfeX' t ftv>j£as fe 5 <D 
1d$M (0>Rl4"i ooo p p mfe&iDi&Mmmm KM 

[0 0 3 2] {iRtf, HI 1 0 (4, (S*<D^ffl«S*Rtt-fe 
*%I p i:«?rSLtv^i\ w©H*»C>Me>*»4 

4 5 ic, mmmmmfe-twttijjmjtv s as 4 5 0 m v 

0"° atm gg) <tft.545fc:, #V7°fl;ijfn p^^L 
fc#£lC|4, RjRjtaaUt-fe/uwaASrTa, Tb, T 

ctttmt), *y^t«i pf±AiPAL*»ac{k* 
jsaaysiryK^tb^sjEv s & 1 somvi/iot, ay 

Jt^rt 1 0 0 0 p pm&&0ftgfe*&&£ 
45±5K, tf^ySiSfn pSrfa»Ufc»^fctt. It* 

^aay^-fe-^wsasrTa, Tb, Tcint^ts 
t, tfyynmi pi±AiPBi:*§<aEflsu -safe 

9©S»MM42&+%fCftoTL* 5« 
[0 0 3 3] ffiot, *^<0J: plrNOx-feV-^^J 

fflLT^jss^vNOxSS^iEsticiay^sicafc 
xm 1 8ii££n<z>gfcs*A& 1 0 0 0 P P msaro®®? 
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[0034] s. tt> w^js 2 {zmmcom^m 
ic4*u4\ NOx-tytMcjoits^fiaaij^-fe/i-cDia 
mmfe<» g 1 4 5 4 5 le t ^oattfrffiw 

4ftf4, NOxtyf-^ffl^TKiSStNOxMi: 

10 ox ±!>*»SicfT5£i#»rHlfc 

[0 0 3 5] If 3 »wffi«©ffl|^*«fe-C 

14, MIC, i***«»£-feA'©ia*©B of 

assswie 4 o Tiw«i«at*/i^)a« utv^ 

1 0 0 3 6 ] oi 9 , ffl&ff, rtll&8H03*g:|*K#£ 
4§£-lc(4, «J£;tf * wfiS^ftsfejS CTNOxtyf 

3 icfettcoa'J^*fe|-<tixi4, ft»-&ic 
t>, a**#fttwoxa£fc]E«^ai£-ct<&. 

[0 0 3 7] &|C, »*«4KSEttioaa*S«J4, ±IB 
»*«lK:|B«©j|||3£^ife*^-t-5ig|lTf*>5. -t L- 
30 T, r©36«-Cfi, ST, aKV7Tt«ElW*i^a*^ 8?* 
fcSMS-ir/WJm^WEAS-Jfcffii: ft 5 4 5 fc* l 

40 [0 0 3 8] ftoT, tS*3S4|c|Stt<oay^g«lCj;H 

NOxtyt^fv^tiS^fro^MtNOx 
fifi t Sraa^TS r t tfS-C-f 5 4 5 left *) , fflfjfc Ufert 

BsiiiwNOxwsrff ?ffl®mw<omf$.&mmcL 

lc, flua LfcNO x tem<D'£<mfe*lEmz'n 5 r. i as 
T?#54 5l-ft5 0 

[0 0 3 9] ifc&IC, if*Ig5(rfE«c©aj^«T' 

(4, mic, ffijiHfttti^&a*, »*««»^-fe/Koa«* 
50 ^tbL, t-^a«ja»#aas, ^otiiiLfcsiss 
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mTE-t/wimtmfev nmm&ttzz no x 
9, Ib^ji 5 izfzm<nmfemw.it. ra#^ 2icre«i©iij 

^*ffiS:lia-rS3S«T*)0, NOx-feVfl-fcavvri* 
HI k N O x jgg k £SiJ£T* t 5 fc*»t T?* < , 

[0 04 0] i fc, »*«6 tc*©asjiinc*j^T 

aa«£&tmieaaafls&«&©a;fr8a£t«:Ei- 

¥StJ;o-C»*»*jjll£-fc^«)fi«Srias*|c«|» 

6K-et>, M^&tfNOxa&ojiatt**a&tl 

[0041] ::t, mm&&mfe-tj\'<om.mztfimi' 
aaaa-m^a* Lnx Mail. mmmmm^±/^ 

[0 0 4 2] ftoT, »*3S7te*©J:5fc, 

taau t—rmmfflm^mas^x. ^©itaj^ft 

^ffit45<t5fc, t-^-*©a«S:«l«i1-Si5Kl- 
[004 3] o* t» , K*j|itaS-fe^rort«igtftW:, 

ag&fflffl©^£S'Ji£f8:it5 r i fc< , &XS£jg|£ 

NOx-t>y- mL<immmmife±*) nmaam 
[0044] ifcwWi^ic, aa&u^aic-c&aa 

**icrt»ffi0iattia©a«a$:*u ^©i£g?ilf$l 
**£**©P!illMtE*rlfcai-5 J: 5 KflffiSt-ffttfi: 

[0 0 4 5] fiU r©J;5lcKSl«Sai3t-feyKO|*j^ 
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m^mc i 1 aa*;*' ^^^^(Dmmmm^± 

«fiSiJ^-fe/Hc:ii«i-S t , ^©ffiiffiSJIli, SSiSiJS 
art©aa«atli#J£LfcvMiti*!K 

rt©aa»aa*K«M»3;h,TL*3£J:a»e>, 

10 ZWkZitZZ.kimtiL^. 

[004 6] tt*»«M«-fe^H:, iifj5£© 

(1) S;-e»e>*b5ie«/jEMF|iJ:0JBijPJSSrtoi8 

©^njcis©?^, wumfemkmLfo^mmmom 

ii^s, r©j;5i-^H5ri»£Sa#;*££A^£l;:i4, 

n o x -t ^tsatf* m a © * ©sir «r»»t <t it n 

20 fffcfe-j", NOx-feVf-©*ig^$t|c:ftoTL4 5o 

[ o o 4 7 ] -e r x\ m%mmmfe±/i<(D%i 1 sues t 

iS8icE«©J; NOx-fevf-l^io^T, Wtm&g. 

mfetjwtn i ass t itKttm<D£jiKm.M*mm-f 
t\ n*ai«as^-b/Kc^L-c, sia'j^**©^*^ 

30 ir/w{c^ DSes^J^-^ffii &€> <£ 5 fc® l 

t\'o*9 % r©i 5lw*^1-^ltf, NOx-fe^f-lcS 
•*^i»AOfc»©SKlS:R»t5^Sftt4<» NOx-fe 
vf-©*jiSrfK¥(c-r5ri^-et5 0 

[0 0 4 8] -t lt, r©#-a-, aa^tb^atcitjK 
*^aate-t/u©rtgi5ffij3i^a'j^-t-5i-i4, »*«8 
iett©j;9ic, aatfew^asr. ^y^mmmm^stk 
mmm&mfe-t^knmffizmmmzmmLx. t<om 

[0 0 4 9] gpt,, *^B^©g?^gS?ll^-fe/H4»/hS 

©rt^*sspas k tt z nssn a id itnasi^^ssi 

SfiTfctK rtSPSSt^fflffl©a^Srl!S:/M;^i:^*^ 
i-at-tKS^Mrt©gS^s#< ft!Jii#\ 3t«bfcg? 
a l-<t o T N O x -fc >^icmS*s A 5 Sri* % So 
50 [ 0 0 5 0 ] T\ »#E8 fce«©«j££«-?H\ 
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|CLT^£ 

[oo5i] tea, mm&mmjz-tMzmmztiiLtLW, 
(omm&mvitizfo cx%±i-zmmfi\c£^xkmt 

s^i^^vf^^-fe/KDam^icioT, b&-^ 

rojgS^g-JgTfc^ #3PJ!t;:J;;h,l4\ rtogfl;^ 
[0 0 5 2] Sfcroj;?!-. &m®&mfe± 

-t^bLxmZs ^vmmnm&icfccx. mmisfat 
&mjjfa\mmi>mW)i-z>o -©is*. mm^m^<Dm 

tiTL, rtmst^wm, m-mm<Dmm^x^xm 
[0053] *lt, AgBjsst&a^ ie?mfis.&tw 

O x ^ffiSriE5l^aiJ^T'# S 4 5 (-^■5*T'tD^4-M 
K^SSaO^ir/Kclrtgpffifei^ttifflasl^ML-Crt 

[0054] o4 >3 , mmwMm^i^H^wsom 
m^m-rx o K-f ntf, K^ssaij^-ir^w^s^fflw 

&*iEmzmfex% *4 ? ic/«f § t-ewBtnafciK t-# 

[0 0 5 5] *%WX&, NOx± ffi 

^1tffi-t5^»aa'JS-lr/KD?a«^^tilLT. *<Dfi 

s# g 8 s& i * 5 4 5 1 1 - * -.roammsfi £$j»-t 

NOx-fevf-rotSittcioTl*, Iiifijfyf 
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&*t<-fn-c. ^gas^NOxjsaroaij^iWS^ 
[0 05 6] -e:T% 9 wmm^mz 

©4 9(c, NOx-fc-yiHc&v^T, ^l^jKvt"^^ 
14. SvM-»*S»K«t»Hft:«»K«l^l«S 

*i» miaij^s.t>*m2aij^ii, #@ttma?fCE£, 

ffitt© 2 $fcrot-*£;&a»f, /,£■}, #t-^IKNO 

x -tr vine *j rt 5£H#«*?SCJI nmmUft i^ffl KB? £ 

WlBJI^Sr^LT^Eg-f 4r t\Z.X NOx-trVlf 
SrJ0l»BrtBlc«)«*4i. Ilffiil^ 811 IS 

20 [0 0 5 7] oiO, NOxir>-9-S.r/fc-^^±|5ra 
30 

[0 0 5 8] fl|*«l 0 K8e«©«3£S«fc 

iixtf, NOx-t>"tHcj3»t5#-fe/KO?aS©lit>o# 

5rS(til< IT, g?*Sa&I/NOxjga<75aiJ^fflJt^ 

[0 0 5 9] Sfc:©i^ f»*3fii itia«»J:5 

40 ®|c s »*Slttill^-fe^S:E*-f5J:5K:i-ntf, NO 

m<Dmfemm&fa±X'Zzzb£t£5. 

[0 0 6 0] 

[H16^J] «Tt*»W©-|Ot«!ISriaffii:*^»Wt 
5. 111 1 f4*3SW^®ffl$nfcH16M»S63gfia[ . &m 

14 r. ©aiJSSBKfcV ^Tffl V ^ ^,ix5 N O x -fe ^f" 2 ©# 

«i#4iiia-r-foSo mnc^-r$p<, *nii^i©aij^s 

50 14, NOxirVf-2i, NOxt ViJ- 2 $rfltJ?£i-<5#S 1 
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IPl**W-*-5K»lElB4 0t» NOx-try-^2^«^ 

T, IS 2 iv> 5) lP2Sr*UJ-r5*WlHlK4 

2i, NOxir>'-^2Jc:^:itbttfc— *f»fc-^ 1 2, 

1 4— S«L.TfrfcyU4, 6, 8^iP^$*-5t— ^ii 
mHK4 4i, JE»jIeI84 0S.t>*t-^a®(p]?§4 4£ 
m®-tZ>tmz. W«j|iI!S4 0Rt/^ffl|Hl8S4 2^t>ro 
*ffl«#VIPl , VIP2 fcS-StfcjBjEtf**©!*** 

[0 0 6 1] El 2 #K v NOx-fey-^2(C*5V> 

Jf 4 atDffiffilJtd, mO#7Lfli4b, 4 c 

XV-t«y-K»4bl, 4cl«r»jfcU St, ^7LK« 

4 atc^LTL^^BSUT, *©*.?Lfc#?LIf 

fear tic J; 9, J£fc#iiS4 dtrJftfcLfcfco-C* 

[0 0 6 2] £fcV s-fe/P6IS\ %ltfyy±;U4<Dm 
#MffiWI§4 a £ HftMfc0>@Wt#ftJi 6 a ©jSHWI^ 

H##<0#7LK*«6 b. 6 c&TCff)!) — Kffl! 
6bl, 6cl£ffMU It, £?L«mffi6 b, 6CC04 3 
^S5^SrSai1-5 <fc b tH#m««S 6 a fc*JLfc»R 

[0 0 6 3] -£LT, rtf>V s-fe;U6<B#7LKS1f 6 
b, 6 c irSlltf^-tr/WW^ftSCm^ b, 4c t 
tt, S*tMl4a, 6 aiTWtfkfiig^PIS-gc 
U Vs-fe/U6i®l7K^7 p -fe^4i:Sr«gLfc^ & 
J£S5:#ji«6d, 4 d^S^t*t|6]-t5<t 
5 0 V si?^6tffM£ft3R^©#?lfCfl;*I 

6b, 6 cli fUjK^T^i^fcJBjfcSixSJe&R© 
#7LWltt4b, 4 cfct) t>/h£<ftoT^5. 
V s±/U6<D&mW\£l*, U— KSB6bl, 6cl^f>CO® 
Sfty-^BS-lt-f !>-K«B5 6bl, 6cl£*HM 

u*»t#y-K»6bi. 6cimtn, m^roam 
®>z&iinmm6 bm^mm^immn^e am 

[0 0 6 4] r<7>£5t^£ftfcSn*v:/-tr/U4,& 
Wst;P6 14. ±IE€-@*m«PSS 4a, 6 a t Wf& 

0>Bfttttf»il S<D^miWnM 4 c, 6bt©*f|p] 



(9) 10-142194 

16 

K**iT*S?K i«>?L^JBia*S2 0 4:LT»«-f 

[0 0 6 5] 4fcV st/P6(D#?Lfii6 cftiJtt, 
iKfrBfMMMM 4a, 6 a t PH&RQllMtff ff£ 

(4, V s ir/u 6 ©fcttftil® 6di VWM&mfct>% 

J: "9 , &ttift£Ji 2 2 d WlMtSftTV**. 
10 [0 0 6 6] %27$^7±*8^ ^1 ^v/t 

^4 tR«, «^lC^$nfc@^««?Kl8 alDMW 

K»8bl. 8cl£ffMLfc<broT-fc3 0 ^LT, 

2xK^^-fe/P8f±, mi^mmwmis t±<mm\^m 

$tlfc@ft:«»KS2 4^^UT, @ft«»SCJl2 2lC 

«S£ix5o @fr««?Hl2 4ic£»3*i,fc 

[0 0 6 71 14£p&<NOxi? 

S^tu5® 1 ^^^ir7U4, Vsir/U6, &2#>^ir 
tf>7±/U8<D4\M\£tt > 5fc*. ^-t2 8, 2 9K 

[0 0 6 8] :<Dt^l2, 14lt ±IS#@ffm«? 
Si4a, 6a, - t W»*t© t -*Sffi 1 2 a , 14 
at, #t-^SSl2a, 14a©±E4t;l/4, 8 

30 4r©S*iRiBB«lli:»j*Siifct-^EI»i 2 b, i4bS 

IfZCDV- 2bl, 1 4blt**fc*9, ^2 
8, 2 9fi, r<Dfc-^|a^l 2 b, 14b^ ^ItK 
>-yir/W4StKM2 7KV7 p -iryU8C0^?LSmffi4 b&t>* 

-^ga^l2b ( 1 4 b^y- KSfBl 2bl, 1 4bl{RiJ{- 

[0 0 6 9] t^SKl2a, Hall 7^;tt 

Ml ttAl^J: 8 t-^Sfil 2 a, 14 aM^- 
t2 8, 2 9 kt*Z>a *LT, t-?12, 1 4 14, K 
KjftriiSttfcJB 1 ^>7 P ir/U4&t/® 2 TK^^ir/u 8 O 

[0 0 7 0]::?, ±E^l«fl4a, 6a, 

50 *>f hSIMfcfcB**, 3MKi{Mi»K«(>ttffi 
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Tf£5. Sfc*B*f^Ii4a, 6a, 8a©SEH 

J£»#j$®4 d, 6 d, 2 2dll J»li/^Rifi?LSr 

**#*LV\, 10 
[007 1] fc-*12, 14CDt-^iaHl2 

b, 1 4 b(4, t7 5 6&Xtte^-g-^<0^-a- 
ttfiiU *©!>-K«12bl, 1 4blf4, jg*afit£{g; 

2a, 1 4 a&tf*'-;— ^2 8, 2 9 1:1^ T/W^^ 

[0 0 7 2] #clc, HI 1 t^i-J; 5 NOxtyf2 
wf§ 1 7Hy7±/u 4 &u<v s -tr/u 6 <r>% 1 Sij^ 2 0 ftij 20 
w#7LKmH4c, 6b»4, fiSiSR 1 
ft-c*st>, te#©#?LfMffi4bfttf6 ctt\ enieiB 
4 OKSMSSix-o^. ^»lHlK4 0tt, -ift(c£fllJE 
vcp^giAp$ix, WM^'fyfswi^uv 

— {R'JA^J^^-icMM^-Y yfSWl Sr^-L-CV sir/u6 

^•7°-fe;P4ro#7LSfl:fii4 b £^3nfc2gWgflt£A 
MPi, frhttmm* 0 a£fl|;t5o 30 
[0 0 7 3] Z<DfflfflU4 0 atl, IH^^yfSWl 

fetSR 2 Srtf* LX V s ir A- 6 d-g^/hSftt i CPSrgtt 
-frJ:l;:J:0, jRia£S2 0rt©**S:V st;k6© 

@ft*»fCJf 2 2l~4.i9P!/IS£;ft5t#f^ ifttifift^ 
6 f ZfrLX^HKmme b{BliriiiiLTv^r t*» 

£6-f£„ 40 
[0 0 7 4] tfcrroJ;9l^Vs-fr/U6W#?LHl;S6 

IB 1 M£s 2 0 i*j <7?®?^sa t ^mmmmmmn 
mmm&t<Dit\z.ifccit&mj3fc%£.i,, hummus 

c ftiJ«BE V s 14, & 1 2 0 rt©»*«ai£j£; C/c 

WEE***. ^UtrrofflJEli, gftii*I3§AMPlCA 

n»iiiiii$AMP^e>«, aspmE 

rmi^^7*-fe>'W4ro#?LjCmffi4 blwR]Jp$ixS„ 50 
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[0075] rrog*, JfSiJK^-fe^4tii» JBi* 

^y©an piasjfch,, dw^i^ymiffupifciij, 
mm-rtum 1 nes 2 0 pvD&mmm#-mm& t 

454. 5 M) »J»*ix5. o*9, ZroftJffllgM 0 a 
14. #:^«ttflJ«M*ai:L-ClMlU &«#iIJf4d 
«r^LT^iaiJ^2 0rtl::&$J£#;*as»ltAL-Ctfc 
*l»3£a[2 0rt©»*«**«-S»jS[4:<e5 

4.51c, as 1 ansa 2 ofto&mmgzmw-tz,, 

[0 0 7 61 418. r©J:5lcfW»$n4*lj|J^S2 
0rtcD^*gSl4, SfUtfvrfcaElPloamfcJ:*)^ 

(#Rl4l 0 0 0 p pmgl) £45 4 SMKJfcSfr-C 
*3 9» r(Dl«Mfc*j£1-5a*«ffivcofctt, 10 

0mV~2 0 0mVg£©ffiiSSKJg3;h,*. US) 

**SAMP©a*t#?LK««4 b fcroHfcKttfeft 
fcffiStSsR 0 f4, ^UK^SffilPlSr^m-fSfefcro 

twcfct). *©w*Bm£Evipi »4, fsi#^:/«?sfti 

PlW^ttift-g-t LTECU5 0|;AA^5, 
[0 0 7 7] 4 0KI4, ±1535^215 4 0 

atdJnx.T, »^?fSW2^LTVst^6© 

#?lsc«« 6 c icSBHsn, £n«mm 6 b - 6 c mc 

±IE«/J>*M i CPi»4ffi*AK£*8K£|ffi1-je«jlEIIII& 
4 0b£, TO^^yf SW3^LtVst/U6©# 
?L«1S6 c fcSMfcStl, #7LHttffi6 b - 6 c P B 1IC± 

bs»/j^«e i cptm%mcfenffi,$:m-fj£mm\B\®4 0 

[0 0 7 8] ^frh&fenMM'&A 0 b, 4 0cf4, V 
s ■fe^6<OrtSPffifetRVSSr^i±}i-5fc«)©t)©T*fo5 <> 
^LT, r©£ftK©am(-4 9VsH?^6©rt$}£fci 
RVSSrECUS omx^kmx- §5 4:51-1- •Sfcfcic, # 
?LSmH6 cffliimHV s»4ECU5 0l-A^$tL5o 4 

is. ^^m»KiHiss 4 o b , 40 ctm-tfewffiti.. wlm 
*Mmt£Ztz.tfX'mcmmmcwtfe£tix\,^. %l 

*&*n*»/Mlii(E i CP 4 9 

[0 0 7 9] SJTO4 0 a, £*iifc[e]S& 4 ObS 

1/4 Oct, V s-fe/U6Z>#?LfCmif 6 c t©|fl|C** 
Slt^ix/cPW^'f yfSWl -SW3I4, ECU5 0 

3-SWl 0r>%.tf*^'Vmb%<?XmPm4 Oa^Af 

SW2, SW3as«fc*V:RttKffl»3ii,5. 
[00 8 0] — NOxir>'f-2©B2/KV7 p -1r^8 

«EVP2/i5^p$tl5„ rro^SJEVP2tDfnSP^[6](4, 
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S5 2#>^ir/w8i;L;Jo^-c#?LRtt1i8 cfrbs bM\z 
ZtlZ>£0\z, #7LStt^l8 cMtfiEm, #?LKm«i8 

«eevp2I4 n jsiiW3ea[2 oa»feitttff*ji6 d, 22 

d L-TgitA LT < 5 SB 2 iS££l*g©««J£;tf* * © 

[0 0 8 1] fciS, ©5tSR3l4 % ;L©^mEEVP2©l=P 
JP(C < koT^2^y7'-fe^8lC9ic4x-5^2#^7°«jSfc 1 10 
P2£ttffiVIP2 fcMfcU M2^V7 P «»SlP2(©^ttl{f 
UECU5 OizAjTfZtzib<Db<DX°hZo Z<D 

Wlfc^U M^7fSW2, SW35;t7lT 

©-£16**SfclMlP£;ixfcSB l 8<J/£* 2 0 rt©»J5£ 

($2#1R{tigj|) 6d, 22d^ 20 
LT£§2iiJ£^2 6|c«EAi-5t«>, ^UKV/t;M 
Mi^Sl? 1 /K>7°fl;^ I Plli»M£#* + 

ttSE I P2fi&aij5t#*if 3 ©NO xM(C)6i:tf<l;t5 
.fcSfcfct), ecus ofl|-c-r*i£>#®anPi, iP2£ 

S1-^mit^-VIPlStKVIP2 SrHi*i&*, ffife<DWiW 

tw o x & s 5 r t # x # 5 „ 
[0082] t^hx\ ^iit>&wtm<nmfe^mzm@: 

■fSlrji, ±IE#-fe^4, 6, 8 ©fig, 1 30 

Slc©JfflI-f5^S^fe!J % r©fcftfcf4, t-^iifl;[el 
SS4 4^ib#fc-^ 1 2, 1 4~©iimflflE»£\ V s 

5o ^It, *Hffi««jT(i, E C U 5 0 l^tJViT % _h!E 
Wm^-^ yfSWl~SW30^-y • ^-7^cffi^§)i9^ 
x.5rir(;,t«3 V s-fe/P6©J&aSr-?:©rtg|5lSStRVS^ 

«H]S§4 4a»bfc-* 1 2, 1 4^©amft£ftJflH- 40 

5. 

[0083] #t, r o \,izm§LWtonxm&.w&o>it. 

*|CECU5 O^joVTHfT^nSliJPMS^o^T, 
0 3SO t lll4tC/f;-r7P-?-^- 

CECU5 0|c*SV^«fciSLSIff$*v5SI«»a- NO 
xfi^aSJtfitaSr^fcL, E14I4, V sir/U6©rt^5}S 
HRVSSr&ttiL-Cfc-* 1 2, 1 4^©j§^£ffl®1- £ 
fc*KECU5 OfcJS^T-J&SIBTO lse 

c.) ftwwa^teat LTi^TSixsrtftfifitawjfiia 50 
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[0 0 8 41 03 s IHKftg • NO xSSli] 

jt&a-m, s-fsioo (sii^f?7'^t) 1- 

T, 30Eag££1K©eg!i&. t-*l2, 14^©i§« 
rtliiO, NOx-ir^2^»tt^-t-5©Sr#o. ft 

[0085] ztofemmfeimit, m*.t£. ^y?©^ 
&mfomm&micxitkm£tizv s±/u6<D?i&&tjiR 

WeftSwilwitl^tf^tiS. of 9, H5fc^-t*o 

V s-fe/U6^fiH4ft1-5(^V^>-r5©-C, S 1 0 0 
-m, t-^12, 1 4~.©fflWB*&&, Vs-fe^6(D 
rtWfifitRVSiSfiHt^4sj^i[£lTlc*ofcA>5A»4r!R|»f 

1- 5 it tig, * : F-a**«3fs&©}Sttflsja«iiaufc 

[0 0 8 6] Sfc, 3ttfl££|t©jeitlft$tt« Hl^L 
/iV^W^atioT, lg»IUK4 0rt©BBW^^ y 
fSWl^ytt i^/fyf SW2, SW3M 
7:R«fcfM»S*b5jiS, ±1ES 1 0 0 ©ftttifcfiJS&a 
tcioTNOx-tr^lJ-2 riSffittftfiSifi® |c 4 T'±#1" 
5*-e©Mtt, mm\E}%,4 0rt©Hlfili*s§§AMP©tl) 
ffttf?±$ttS. wixtt, NOxiry-^2^fttt'fbtT 
V&vvtfcfli-CM:, V s-fe^6©rt|fljgStRVsasA#V>© 
T\ Jttti#II»AMP|;:AAS;h,5£?lJt*«6 cffl« 
JEV stfJK&Q-f-?. 2SilitMB»AMPfc«ift5£tf5 
ir, *l*>7'-lr^4tciattjS!t^nTL*9d^-C*fo 

So 

[00 8 7] W:, siooi;tNOx-tyt2iiStt 
fcLfcirfllSr^ixSi:, S l 1 OK&frU &ffll§]&4 

tprilcit), %2tfy7mffi IP2Srtfta-j-5, 

{btisaan^&i: LT©^a5rH'fT-r-5o $.tzm<s 

12 0Ti4, &tt[Uj%4 0©ffiJtSR0*>P>A^J$il5 
1-5. 

[0 08 8] * LT, m< S 1 3 0 T*f±, ^©^tti Lfc 

mi^vT-mffiipi^s^t, %2#>7mmiP2iztt 
m®m®4 oizzzxyj'nffiM'mcxox. mimfe 

^2 OrtroSi^tONOx^M^LTL* p 

femcmfflLX^ZZkfrb. B2giJ^2 6ICI4, ft 

H£#*'t'©NOx»t"?fc<tt*<feSttA1-5. 

T, M2*>-7'm^IP2li > »«^X(fi©NOxita[ 

ct)SLTttt5>b«w> »a^xf^«p©K*aiK© 

»StSft5„ E16I4, NOx Sr-£*fcvMWfcffl#*£ 
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mm i pi tm 2 tfy/mm 1 P2©aaj&tt*o-«**t> 

mm I PittiHME^f UT-JEo* 

tffftL^ ^2^^7 , «aiP2t^aij^^^^^K* 
[oo8 9] ^zv^mmmx-a. m2#y-7mmiP2 

J:l£©i. 0 ICNO x *£*fc^ttffl£#*S:aiJfcLfcR 
tft e>n5Bft**aic*t«; LfcffS 2 :/fl;i5?c 1 P2oil 

£\ %2tf>-7nM\?2WE<Olt#>(0*7*y tmt L 10 

««EIPlA>f»»a^^1'0»*aillSr«HlL-C, ^© 

■fey K*fflU ±IESMiE4irL 

[0 0 9 0] ft*, ^©SJMiiEiSrllKKliai-SRI 
KI4, ^l7K^7 a tt«tIPl^^LT^7fe5' hM (o 
£ *SB1ttfc-ry7'*S|fefflSn, » 1 jR 

I Pl£^7 t< LT r ©-7 y ^SrtftSRi- 5 
rtldiO, SKl#^tt«IPl^ibifi&Si1i|§IE»£ 20 

[0091] :^ LT«iMtjE*jJs*tti Six* t , 
»4, si40te»fTU m^wrt&fejfc&m&g-ctt'b 

< S 1 5 0T-|4> rrogg^A/fc'rtgpgStRVStCS^ 
S, ^2JK^y««fEIP2jC^1-5fiaffiJE4SrJflH-t- 
5. 

x, zoftnmiRvsiimfembtezxiiz mn-rn 30 

«N O x fe ^if 2 »ja*^0fj£© S gfig i ft 5 <t 5 

t-* 1 2, 1 4^©a«*»j«i-j-4aj, »j£ 

#x<Dflg;jsii£ Lfc 4 5 ft*&£-|c{4, ?flftff!ffl£3£ai] 
^^©aa^k^jfi^^-itsr t*ST?t-f, NOxfe 

[0093] m*-\*. m 7 14, *mMm<r>m%sm*m 

V^TrtJ»«B8w#«'fONOx««SraiSi-'<<, NO 
xfe^2Srrt^SI©#^i E ^!5#lt, !30E£B* 
»f^S*fc»^©v NOxt^2(OiU!»l:tll£L 40 

ft o r ^ 5 let 6 f . rt*R»H© JP*B* fcft 

mz±.%L1Z*)-fZk, NOxtyt2^C9iBlSft: 
0>lB»«:£rtT, IB 1 jKy^tSE I Pi, fS2#^;/®iSft 
IP2^*caEftLTL*t\ »KSB2 3K>7 p maElP2 

(efts, ftis, r*u4, $ 1 tfyp'mm i P2aJ#fta« 50 
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[0 0 9 4] •tw'C, *HJg01JT'(4, MJ£#*©fiK 
*«A3EU-Cb, *2Jl«>7TtS(EIP2*»fcNOxjift*]E 
ffill-aOST-t £4 5 \z.i-Z1tMC V s fevu 6 ©rtSBffi 
StRVS^bV sfe/W 6 0iJx.»fE]8U:$n# 

P2 1 z 5 fiSHiEl: & * * 5 J; 5 |c L T ^ 6 n X h 

[0 0 9 5] ftfc\ 0 8(C^1-x'y7 , |4, Vs-fe/1^6© 

Vs*/U6©rttoffi8tRVS«y<5*-*i:1-3»Jt 

Rvs^asi^#i-5r,bft< > rtttffistRvsa»e>ittft 

fiSiBSM (@8-Cttggliaa^8 5 CCtftoT 
S*tIE*«:#»SJ:3fcLT'bJ:<, j£tt» rtSGffiftR 

[0 0 9 6] ^(C, S 1 5 0|iTja«*t3E*iJJiHa*n 
Sir, S16 0(C^fTb, S 1 1 OT'1^WLfc^2 7K^ 

■7mm i P2ics*MiE*swa*MiEft^jD»i-.5 r t 

\Z£V), W,2X>7mmi?2Z®!E-fZ> a -t LT> «g< 
S170Ti4, r©MiE^©^2JKy7 0 fl;«IP2*NO 

[0 0 9 7]tfci^(C, S180T11, S140T'lf^ 
ii^*rtSPffi;SiRVSlcS^t, JB 1 #>7Tt«E I PUCJt 
■f-SS^ES^SW-fS,, *LT, gg< S 1 9 0T 

(4, r©»wtfc?aaiiES^ffl^T, s 1 2 ot^ffi 

Lfc^l^^ymsftlPl^MiEt, m,< S 2 0 01CT, 

r <o®iE'<k<Dm 1 tfy^mm \ pisr^*s©sa^* 

[0 0 9 8] ft*5, S 1 8 OSr/S 1 9 0<D#yif4, f5 
1 jKvmgltlPlSr, N O x fe ^f- 2 <DM.^it\z§eW 

fc*©*aaT-& t) , S 1 8 0 "CI4, ±ISS 1 5 0 t ffl 
[0 0 9 9] -t Lt, *^J£0ijTi4, NOzltcm 

tfc^ 2 -/mm i P2 1 ^saicm Ltzm 1 

yaffil Plt5r, V sfe^6©fift(c:)^i:-CffliE 

-fSfctfjleHfT^tl&S 1 5 0, SI 60. SI 80, 
S 1 9 0ro*LJi#. **W©*|jE^«|itHSi-S. 

[oioo] ::t\ ***«-e«» ±m&mm& • n 



(13) 

23 

OxfcSfflJt&Sfcfc^-c, IS 1 i pi 

*o**««fcj£CT» 2 tfyy>W.ffi i P2 
fcffilE1-5fc«>©»P1it]EI:i:, V s ±JU6 ©ifiSK/S 
CX%2#>7mm I P2£ttIE-fSfc*!>co?&fi*iiE4i 
?rji*J-**T, ^2 7Kvyfl;gElP2SrM]E-*-5t<Dt 

tTift^ufc^, ^i*. v s-t;u6<Dmg.m^ mm 

ffijEMttlfflOvy^^^LTtJt, Vsi?/U6©fi 

(7?1iIE*5r**5J:5l-LTt,<t<. sen. Ii#y/ 
mat I Pi i v sir/U6©fi£ (XlirtSBffiftRVS) «y< 

Ltti^ w«)-ry7 r SrfflV^«2sKy^«j(ElP2K» 

[0101] m 4 jc^i-^gp®feL^m*aa^ift0^ 
<&rtf^stRvs*i*tti-t-aa«i*ffl#ai: Lt©ii^ 

ttTfc<, *0>iftUiK*A>e>fc-*iI«ISK4 4fcrt-l, 

tt-?i2, 1 4^©a«*a(E*s:»j»-rsfc-^ffl 20 
mmm^stt LT©«Mit>*ri-5. 

10 10 2] g|4^i-*D<, r©JQ.a^BB*&$ix5 

S2 10iCT, V sir/U-ew^TLRIMe cffilJUI 
V s ift£V st/l/6Cl*f(i)tlEVSl 

t LTiSSi-5 0 *LT> lsc< S 2 2 0fl4, ft&iH£ 

2 4: 5 d v s \cWL'b9M i cPt 

liiSMrfi (o*o^*-crt(i|5il*iSipf|i/j:oTv^fcEa 

S£WHHia»e>*iMj£S2 o«jc»*sra*atf*iRi) 30 
[0103] *fc, ^< s 2 30m awfttn&ao 

iESj^, St^WT 1 (#J;L{f6 0 //sec.) ^gilLfc 
^^Sr^JW+SrtlciO, BfJEP*WlTl 
©£#*>, Bf3©»WTl!J«gili-5 4:, S 24 0KT, 
Vst^6 ©#?l«fl;ffi 6 c ffli|«J± V s r 

[0104] £ 5 LT&fct&ffl®JEVS2£iS:£-f 5 fc , 
S 2 5 0tw#fTLT, 3lft*tt*Hl0fi»!ft % BrJ&SIW 

t 2 wRtfioo^ sec. ) tmi& Ltzfrm^m-t 40 

^T2^Siif5i, S2 6 0CT, SMfcHj&a© 
-^KT2<D|ffl^^ffii:/«CoTV^HKx 

^•>fsw2wu 3e«atig»4o cic»«ESixfc 

[0105] ioi 5i:iH^^ ?f sw3 t*vt5 

s 2 7 o(c#tTtT, SKtttu&aoj&n 

&s BrJ&*IB]T3 (09x.li2 0 0/i sec.) tf&ilLfca* 50 
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SA»SrWWri-5ri:lcJ;9» £t>IU T 3 tfgiB-* 5 © 
9fJE«*MT 3tfSgj@-t-5£;< S 2 8 0ICT, US 

K^^^f sw3*t7t5„ r©&m, mW)®®4 0 

ftOfflmX't yf-SWl~SW3ll^:T^-7ttffit^ 
[0106] * UT, «!< S 2 9 0 -Cfi, ^SM&ttJ&a 

©ieiiitt«icK^ufca*iftffl«ffivsii:0f^NfWT 1 

gii«lCt££LfcJgft&fflmEVS2i©fiIMAVs ( = 
VS1-VS2) S 3 0 0td-t, Z.<DSMAV sfr 

si?;U6©l*3SBjgj3tRVSS:3¥tt}U i<S3 10li 

»frfS. fc*>\ *3SKMte:fc«t5rt«ffiffiRvs©*ffl 

[0 10 7] S 3 1 Ofl±, ±IESttiLitV s-fe^6© 
ft iSfeftRVSi: Soffit ©fill, XttrtHMSStRVS^fe 

» <b*is v s ±ju 6 ©fig t b«m t numcm^ 
t-^12, 1 4^©»mmjjfcft£if • m-ztzib 

©$"Wft# (fc-*fWWi4§-) 5rt-^iifl;[HlSS4 4ir 
tiiAU t-^ii«[i]Sg4 4^fet-^ 1 2, 14|;ft 

©^aSr*tTi-5 0 

[0 10 8] Jfcjs. rwt-^itSPm fc-^ffl 
«|h1S&4 4£, t-^12, 1 4^©iim • #il«£i£5 

©x^-x-ritSrWrSJ: SKi-fitf t 
— ^iifll(HlK4 4$r, t-^12, 1 4^©tU73fl;E$: 
iWffl5ri6/j:«Ef|i(»lHlK*»fe#i« Lfc»&Kli, ECU 

[0 10 9] t LTIO J: 5 Ct - ?«»«tS:lll*t 
Sir, S 3 2 0(c^ffLT, S^ffi^a©S 

0f^«*MT 4 5 0 0// sec. ) «tfij| Ltz 

©^r#%, 0f3feNPKT4^i@-t-5t, S 3 3 0ICT, 
^KftW^a©®!!)^, -^T4«fflt7«i:/i 

oxv^BBH^-r yfswi st^lt, ai^w^a 

[0110] «±lftB^ Lfcrt«Mgfittta«HlTtt, S 9 

^i-*q<, ^a^p^^tist (^t i) . mW)\m 

S§4 0rt©MH^.-r yfSWl LX, Vs-fe/U6 

©a-*«pMT nmm-r^t «j&t2) , -t©tt 

©#?LKS1i6 cffl!l«BEV s 4r«6t*W«EVS24: LT 
#?LSffi® 6 c ffltEV s (o* 9 S^tUttE VS1) 
5o HT> r©aSlco^^TI5i^1-5„ 
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[0111] t-f , V s ±/U 6 IdAgPlgta&BfflO^fll 
sl±, V sir/uecDP^SftRVS/cttT'^ , £«<I6 

Lt, Vs-fe^6«)rtSB»fiiRVSfcJ:4«E|»T^*:# 
< ft5«fc 5 id Lt^5. 

[0 112] St Vst/P6(DMi6b, 6c|B 10 

iO, B&-£ld/j:5fc«>, V siryW6©fitt;fik 

K-3£K/i5. Stot, V s -fe/u 6 SEUT, 
■teDit<0#?LjCm«6 cttMlJEVs (EP*>VS2) frft 

SftRVS£B&IEffitld3fc*b5 r £ ^T*# 5, 
[0 113] LA>U iVmmat. «lfl£i2 01*3 

l«IJ3fe^2 0rtcOK*Sff«, NOx-feVf-2Wtaff|d 

iotttftts. UEot, v s -fe/i'6|di*]g|3j££tRvs 

femmofenMzm-t^ t id «t o &tn Lfcisv s a>*b 

F*i»fiStRVS«:#.«>fc»3-ldHu rtgpffifitRVS^^T" 

[0 1 14] -t^-C, *Hffi0"JTi4, Vs-fe/U6Wrtgp 
JgftRVS, M^Tf±§g?Mg£± DIEjSld&ffiT^-SJ; 
5fc-*-5fc»fc, V s^eidrtOTffitriRVStfcttiffl©^ 
««L4:j«U-Ci»fe3f«B*nil 6 0 M sec. ) gifi-f- 

54T-wra©#?LII«fli6 cftiJfflJBEV stD^ftfi (03% 30 
AVs) fctfcfflU r©fiHAVs^P>rtgl5SfeiRVSS' 
**3ri:ldJ:«K »1M£*2 OrtW^ftg^g^ 

JSJtlRVS, JSv^tt^iaftSrEfltl^feSr t#T'# 
[0115] /jr*3, wrortSqsSiRvsSr^ffi-t-stSo 

Tli, I1AV s ld#j£LTrtS«tRVS£!El«Lfc-7 

RVS£gffi1-5«fc?fC-f*itf J;v\ £fc&ld % #HJ§0iJ 

LT, Sin&l±imEVS2 5 £ (Mt2) , * 

©£I5ld0rJ&$W (0iJx«4 Oysec.) #feiflLT\ S 

atftui^asibfioSiBi^m^T 2 icitLfc^ t 3 

T\ JP»HI?S4 OOH^'f y5 1 SW2 5r^-7L, WW 
-y?-SW3Z*ytZ>z\blz£<0 ^ Vs-feA-6ld$t 

(CSJxtfl 0 O/isec.) riSgiiLT, i^ttltoafift 

■y^SW3Sr^-7-r'5o 

[0116] :©stf, *JHt«fc*^Tfi, 50 
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ft ufc v s ±/u 6 cort^S^ffi^TcicM-fw t 

5*tro^WT4?r, 0iJxtf5 0 0 y sec. ±9 

id, ffi*-csv^isnci-5r , mmm&RxtN 

rt«BJStt:RvsSr*»a;K:*a-*-5 r t a* «riiBK:fc5. 
[0117] ^itft^tfctpid, **JfeC«lroig^SS 

• mmwMmmmm%mmz)s^x\t, % 1 n&*2 o 

ro^*i@ft^^m-f--5 V s ir/W6 K>rt|HM£ffiRVSifr>P>N 

oxtyt2©ss^ntijL > w©ais^aaas 

xtfssot;) 1 4^roii 

ttttftcftfrffltP U fcfflLfcrtaMSftRVSxii 
r <D ft SBffifet R vsd» M# P>*i 5 fffiSis g «itd> ?> *K 
*ifci§-£-|d|^ ■trofli^lcJSU.fcSaffiEftfCT, NO 

x »«Rt/iaf »«©aje»***^i- ss 2 tfy^mtit 

1 P2St>*m 1 1 Pi£;fc*ffiiEi-5 r. t Iw «fc 

9 , NO x «SSt>*K*«a<OSiJ^»^?fififfi«-t5 

tfj**n5rt/jc<, gf^sK&u^N o x sa^^ic 

[0 118] ifc#(d, *HJg^J-Ci4, NOx-tryf-2 

12, 1 4t>mmztixis9. L*»t. -t©aji*isii*» 

e > NOx-t^^2^Sj^Lfcit(c > t£Kc#iIJi 4 d i 
i£»ftjtS6d, 2 2 d t tfSfifc 0 , r^b#t£»#iS 
■ tRf-ttttt-CRtfiJICs fc-?12, 14©t- 
^I^12b, 1 4 b^gafi^tlTV^,, 5{ot, 
*WT*(±, : 5 Lfc N O x t y 1 2 ©iigl; J; o t , t 
-^12, 1 4£fflV>T#-fc^4~8&$^&<*(]??H- 
5rtdST-t, Sfc, #t£1R#aJi*^LT*iai3tS 

2 o&tfs^agjg^ 6rtic«A+5tta«^t>a* 

9. NOx-fe^2«r»j«1-5«-feA'Offl«S:J:0«l* 

no x ^s©aijs*ta^(6]±-et 5. 
[0119] <c*s, xmrnrnx-n. ^^?aaoa<j^4 , ii 

S 1 /"K^y-feyp 4 ^©m«fl|»S:ff Jh1"5 i 5 Id Ltz 
?LWm®6 c ftijmJEV s Srf- y^Ar^-At K"f 5 J; 9 Id 
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[0 3] HltW©ECUIi*JV^T«ligHlfT$il5ife 
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[09] B4(c«LfcMAStimtlltt9«>nf^«:Rn 
[010] ^H«S«it-fevf-o*sv^-c#>7'««ftiJ 

2--NOxirVf- 4- -^1 6-Vs 



NOxggaiJ^a^rS^i-^n— ^-t- hT' 10 8 •• -^2 tf^THr/U 12, 14-k-? 

4a, 6a, 8a, 18, 22, 2 4-S0¥9MfVB 



[04] HJfegiJ(OECU{CtJVTBIf^raftroS"Jji^ 

[0 5] K^fiSaiJ^-fe/KOrtSBigJat^aairO 
[0 6] NOx***fcv^£#*©»*«£i:» 



4b, 4c, 6b, 6c, 8b, 8 c-#?LltflH$ 
4d, 6d, 22d -K»#itl 6 f -ifUJjgfcigB 
12a, 14a-t-^SS 12b, 14b-t- 

2 0-flfflSi 2 6-»2M£g 4 0-Btt 
088 

4 0 a -SlJ^lgB 4 0 b, 4 0 c--^*jj£[5]SS 4 
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